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ABSTRACT 
The Cypress Formation (Upper Mississippian) is the most oil-productive unit in the Illinois Basin, USA. 
In the central part of the basin, the Cypress Formation contains sandstones up to 60 m thick in a 
northeast-southwest trending belt known as the Western Belt. Thick Western Belt sandstones have 
potential for nonconventional carbon dioxide enhanced oil recovery (CO2-EOR) and storage, whereby 
CO2 injection aims to store appreciable volumes of anthropogenic CO2 and produce incremental oil at the 
same time. However, the depositional environments and resultant depositional controls on reservoir 
heterogeneity are currently poorly understood. This study provides the geologic context necessary for 
building representative geocellular models and helping select a proper CO2 injection strategy to co-
optimize CO2 storage and EOR in thick sandstones of the Western Belt. Consequently, this study also 
provides new insight into the dynamics of Carboniferous sedimentation in the Illinois Basin. 
Using new cores, outcrops and well logs, thick Western Belt sandstones were recognized to be 
predominantly multistorey, lowstand deposits of a fine-grained (D50 = 132 µm), meandering or 
anastomosing fluvial system that had a high affinity toward suspended load transport. Principal sandstone 
lithofacies all contain exceptionally low volumes of detrital clay and include:  unidirectional simple dune 
cross-sets, low amplitude (<3 m) – high wavelength (10s of meters) dune cross-sets, asymmetric ripple 
cross-sets, and upper-stage plane beds. Mean simple cross-set thickness is 0.3 m, and foresets are 
commonly low-angle (<15º) and sigmoidal or convex-up with tangential toesets. Simple dune cross-sets 
are commonly superimposed on low amplitude – high wavelength dune cross-set or bar-scale accretion 
surfaces. Lithofacies associations in core suggest up to three channel fill storeys that form sheet-like or 
arcuate channel elements. These elements, along with abandoned channel clay plugs, exist as up to three 
distinct storeys within a well-defined, ~50 km wide and ~200 km long composite, sinuous belt. In many 
instances, channel fill storeys coalesce to form thicker, seemingly homogeneous sandstone “blocks.” 
Where this occurs, storey bases coincide with an abrupt increase in grain size and permeability that can be 
unrecognizable in traditional well log suites. These high permeability storey bases may act as thief zones 
during fluid injection.  
In addition, a discrepancy between estimates of bankfull flow depths derived from mean dune cross-set 
thickness and core-derived channel fill thickness was identified, suggesting that most dune cross-sets in 
the Western Belt do not scale to predicted flow depths and that the thickest dune cross-sets may be more 
appropriate for estimating mean bankfull depths. Mean bankfull channel depth estimates derived from 
mean dune cross-set thickness is ~4 m, whilst the largest dune cross-set thicknesses (~0.8 m) suggest 
maximum bankfull depths of ~12 m. Furthermore, genetically related units from core descriptions show 
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that channel fills are ~16-20 m thick, suggesting mean bank full depths of ~8-10 m and maximum 
bankfull depths of ~20 m. This discrepancy, along with the cross-set morphologies, is interpreted to be 
the result of high rates of suspended-load transport. 
This detailed characterization provides new insights into heterogeneity within the thick Cypress 
sandstones, including scales of flow units and controls on variations in permeability that can otherwise 
appear homogeneous on wireline logs. Additionally, these results promote a better understanding of the 
preservation of fluvial mesoforms and macroforms under the influence of suspended-load dominated 
transport and shows that subtle variations in the sedimentology of sandy fine-grained river systems are 
key to identifying the formative processes shaping their preserved deposits.
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CHAPTER 1:  PROJECT CONTEXT AND RATIONALE FOR 
STUDY 
 
With concerns about anthropogenic climate change and the hydrocarbon industry not yet at peak oil, new 
techniques are necessary to make future oil recovery operations more environmentally friendly. The 
hydrocarbon industry has successfully used carbon-dioxide (CO2) to enhance oil production for several 
decades, but minimal study has been conducted on nonconventional CO2 enhanced oil recovery (CO2-
EOR) operations that seek to store significant amounts of CO2 as part of the EOR process. The volume of 
CO2 currently used yearly in United States CO2-EOR operations is ~310 billion m
3 (~11 trillion ft3), 
significantly less than the total CO2 emissions produced by general industry in the United States each year 
[~3 trillion m3 (~100 trillion ft3)]. CO2-EOR and storage operations may serve as catalysts for many future 
economical, large scale, CO2 storage efforts (NETL, 2010a). 
The present study is part of a larger Illinois State Geological Survey (ISGS) initiative to understand the 
feasibility of CO2 - EOR and CO2 storage in thick, oil-bearing sandstones of the Carboniferous Cypress 
Formation in Illinois. As such, some of the results herein are the outcome of collaboration with other 
ISGS researchers. Thick sandstones of the Cypress Formation have high potential for large-scale 
anthropogenic CO2 storage operations that are capable of producing incremental oil at the same time 
(NETL, 2010b). The DOE seeks to store more carbon than is produced via CO2-EOR and has 
characterized these operations as “net carbon-negative” under the umbrella of “nonconventional CO2-
EOR.” Since relatively few studies have been conducted on thick sandstones of the Cypress Formation, 
further investigation is necessary to better understand their potential as targets for net-carbon-negative 
operations. This thesis provides the geologic context necessary for building representative reservoir 
simulations and aid selecting proper CO2 injection strategies to co-optimize CO2 storage and EOR in thick 
sandstones of the Cypress Formation. 
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CHAPTER 2:  GEOLOGIC BACKGROUND 
The Carboniferous is named for the abundant coal deposits that exist in Britain. Rich coal deposits of 
similar age and origin exist throughout the world – in North America, Asia, and Europe. Accordingly, the 
name Carboniferous, meaning “coal-bearing,” is used throughout most of the world for this period in 
Earth’s history. Throughout North America and in the Illinois Basin, however, the Carboniferous is split 
into two lithologically different subsystems, the predominantly limestone-rich Mississippian (Early 
Carboniferous) and the coal-bearing Pennsylvanian (Late Carboniferous). 
One of the first defined geological periods, the Carboniferous (359-299 Ma [Davydov et al., 2012]) was a 
time of unique climatic variability and tectonic and volcanic activity. Pangea was beginning to assemble 
from the collision of continents Laurussia and Gondwana, and superglaciation was occurring in the 
southern hemisphere on Gondwana (Figure 2.1). As a result, the Earth saw for the first time an incredible 
boom and diversification of terrestrial biota and consequently intense oxygen and CO2 variability 
(Davydov et al., 2012). Proof of pervasive Carboniferous terrestrialization is evidenced by the radiation of 
tetrapods and the extensive coal deposits. Cyclothems (cyclic strata), another trademark of the 
Carboniferous, are most commonly thought to be the far-field products of waxing and waning glaciers on 
Gondwana that, in combination with tectonic forces, induced many large glacio-eustatic fluctuations in 
the Late Mississippian and throughout the Pennsylvanian (Smith & Read, 2000; Smith, 2003; Isbell, 
2003; Fielding et al., 2008; Haq & Schutter, 2008). 
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Figure 2.1. The global context of the Illinois Basin (red star) during the Early Carboniferous (Mississippian) and the 
Late Carboniferous (Pennsylvanian), with large glaciers existing at the south pole on Gondwana. Figure modified 
from Scotese (2001).
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Figure 2.2. Time chart modified from Fielding et al. (2008) showing the spatio-temporal distribution of glacial 
events in the Carboniferous and their far-field stratigraphic products. The Cypress Formation was deposited in the 
Illinois Basin on the continent of Euramerica during the Chesterian Age (highlighted in red) within the Late 
Mississippian Period when glaciers induced frequent and regular sea level fluctuations.
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2.1 Background to the Illinois Basin 
The oil-producing Illinois Basin of North America (also known as the Eastern Interior Basin), a gently 
sloping, low-accommodation intracratonic basin bounded by long-lived regional arches and domes 
(Figure 2.3), covers an area of 285,000 km2 (110,000 mi2 ) over most of Illinois, southwestern Indiana, 
and western Kentucky (Figure 2.3; Nelson, 1995). Where the crystalline basement is shallowest on the 
western and eastern margins of the Illinois Basin, the names Western Shelf, Sparta Shelf, and Eastern 
Shelf are commonly used (Figure 2.3). Conversely, where the crystalline basement is deepest in the south-
central portion of the Illinois Basin, the name Fairfield Basin is commonly used (Figure 2.3). 
 
Figure 2.3. Long-lived regional arches and domes surrounding the Illinois Basin (shaded orange) and the relative 
locations of the Western Shelf, Sparta Shelf, Eastern Shelf, and Fairfield Basin. Elevation below mean sea level of 
the Pre-Cambrian basement is shown in feet. Contour interval: 5,000 ft (1,524 m). Cross section line for Figure 2.6 
is shown in blue. Figure modified from Kolata & Nelson (1990).  
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2.1.1 Structural History 
The Illinois Basin has a complex structural history that began in the Late Precambrian and continued 
through the Paleozoic (Figure 2.4), resulting in numerous structural features (Figure 2.5 A). During the 
Late Precambrian (800–550 Ma), the supercontinent of Rodinia began to break up. A resulting failed rift 
zone at the southern tip of the Illinois Basin, known as the New Madrid Rift Complex (Figure 2.5 A), 
constitutes a zone of weakness in the lithosphere that eventually initiated subsidence in southern Illinois, 
the southeastern margin of Indiana, and northwestern Kentucky. Basement-seated normal faults within the 
rift complex propagated roughly perpendicular to the North American cratonic margin as the Iapetus 
Ocean opened during the breakup of the supercontinent (Kolata & Nelson, 1990). Two of four rifts — the 
Reelfoot Rift and the Rough Creek Graben — within the four-armed New Madrid Rift Complex (Figure 
2.5 A) are closely associated with the development of the Illinois Basin (Nelson, 1991). 
 
Figure 2.4. Tectonic history of the Illinois Basin showing major structural activity and major plate tectonic events. 
The approximate time-span of the Chesterian Series is red shaded red and the approximate time-span of the Cypress 
Formation is denoted by the red line. Most structures active during the Chesterian were in incipient stages of 
development during deposition of the Cypress Formation. Figure modified from Kolata & Nelson (1990). 
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Figure 2.5. A) Map showing major structural features and the location of the Reelfoot Rift. Modified from Nelson 
(1995). B) Map showing major structures active during the late Mississippian (Nelson, 1995). 
The rift basin gradually transitioned into a cratonic embayment complex that underwent episodic 
downwarping throughout the Paleozoic. Subsidence resulted from a combination of factors, including 
thermal contraction, isostatic adjustment, and sediment loading (Cole & Nelson, 1995). As a result, the 
proto-Illinois Basin was defined throughout the Paleozoic as a southward plunging trough similar to the 
Mississippi Embayment (Kolata & Nelson, 1990).  
The subsidence rate of the Illinois Basin increased abruptly at the beginning of the Mississippian 
(Treworgy et al., 1989; Kolata & Nelson, 1991), but stabilized through the remainder of the Early 
Mississippian (Kolata & Nelson, 1990). Thus, the Early Mississippian is considered to be a relatively 
quiescent period (Figure 2.4; Nelson, 1995).  
B 
A 
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Following this period of quiescence, at the beginning of the Chesterian, compressional stresses associated 
with the assembly of Pangaea induced widespread deformation across the midcontinent as the Illinois 
Basin continued to gradually subside (Figure 2.4; Kolata & Nelson, 1990). Most of this deformation 
resulted from reactivation of north-northwest trending basement-seated reverse faults that induced folding 
in the overlying Paleozoic sediments. Structures believed to be active during the Chesterian include the 
La Salle Anticlinorium, Clay City Anticline, Louden Anticline, Waterloo - Dupo Anclines, Du Quoin 
Monocline, St. Genevieve Fault Zone, and the Lincoln Anticline/Cap au Grès Faulted Flexure (Figure 2.5 
B). Thickening or thinning of siliciclastics and/or lithofacies changes coincident with these structures are 
commonly considered to be evidence for structural influence on Chesterian sedimentation (Cluff & 
Lasemi, 1980; Treworgy, 1988; Nelson, 1995). However, most of these structures were in incipient stages 
of development during deposition of the Cypress Formation (Figure 2.4; Kolata & Nelson, 1990; Nelson, 
1995). Likewise, structural movements during deposition of the Cypress Formation were likely subtle 
(Nelson, 1995). A few structures, such as the Du Quoin Monocline, La Salle Anticlinorium, and Louden 
Anticline (Figure 2.5 B), are believed to have been active around the timing of Cypress deposition (Cluff 
& Lasemi, 1980; Treworgy, 1991; Nelson, 1995).  
Following Cypress deposition, structural activity intensified in the latter half of the Chesterian (Figure 
2.4) and peaked in the Early Pennsylvanian (Morrowan to Atokan), continuing sporadically throughout 
the rest of the Pennsylvanian (Kolata & Nelson, 1990). During this episode of deformation, reactivated 
basement-seated reverse faults produced monoclines and asymmetrical anticlines in the Paleozoic 
sediments (Braile et al., 1986; Kolata & Nelson, 1990) that form the primary structural traps for oil within 
reservoirs of the Cypress Formation. 
2.1.2 Sedimentary Fill 
Sedimentary fill mantles a crystalline Pre-Cambrian basement in the Illinois Basin and thickens 
southward (Figure 2.6), reaching up to ~7010 m (~23,000 ft) thick above in Illinois (Cole & Nelson, 
1995). This fill consists primarily of siliciclastics and carbonates that range from Cambrian to Tertiary in 
age, with Paleozoic sediments comprising most of the sediments (Figure 2.7).  
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Figure 2.6. North-south cross section of the Illinois Basin. Stratigraphic thickness is exaggerated, and glacial cover 
is removed (“Building the Bedrock,” n.d.). Line of cross section is shown in Figure 2.3. 
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Figure 2.7. Generalized stratigraphic column of the Illinois Basin. The Chesterian Series (highlighted red) includes 
the Cypress Formation. Modified from “Building the Bedrock” (n.d.). 
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2.2 The Chesterian Series in the Illinois Basin 
The Chesterian Series (Late Mississippian; 333-318 Ma), generally characterized by alternating (cyclic) 
siliciclastic and carbonate units (Figure 2.8A), subcrops in southern Illinois, southwestern Indiana, and 
western Kentucky (Figure 2.8B) and reaches ~427 m (~1400 ft) thick near the outcrop belt in southern 
Illinois (Potter, 1962). The stratigraphic context of the Chesterian Series and its associated formations is 
shown in Figures 2.8A and 2.8B. 
 
Figure 2.8. A) Stratigraphic column showing the Chesterian Series of the Upper Mississippian and its stratigraphic 
context within the Illinois Basin. B) Cross section (A-A’) showing the basinal context of the Chesterian Series; the 
inset map shows the subcrop of the Chesterian Series. Figures modified from Pitman et al. (1998). 
The Illinois Basin was open to the south during the Chesterian and part of a shallow, low accommodation, 
low slope carbonate ramp that spanned from New Mexico to Virginia (Figure 2.9; Kolata & Nelson, 
1990; Treworgy, 1991; Nelson et al., 2002). The Illinois Basin had a tropical setting between 5˚ and 15˚ 
south of the equator (Craig & Varnes, 1979; Scotese & McKerrow, 1990; Nelson et al., 2002), a semi-arid 
to seasonal (wet-dry) tropical climate (Cecil, 1990; Ambers & Petzold, 1992; Kahmann & Driese, 2008), 
and was tidally influenced (Treworgy, 1991) with a mesotidal to macrotidal range (Nelson et al., 2002). 
The Chesterian Series reflects a transitional climatic period (Treworgy, 1991), with the underlying 
dominantly carbonate Early Mississippian Valmeyeran Series reflecting deposition in a semi-arid setting, 
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to the dominantly clastic overlying Lower Pennsylvanian Morrowan Series that was deposited in a 
tropical perhumid climate (Cecil, 1990; Siever, 1953).  
 
Figure 2.9. Paleogeographic map showing the regional context of the Illinois Basin (red) during the Chesterian. At 
this time, the Illinois Basin was a shallow, restricted inland basin connected to a large carbonate ramp. Modified 
from Blakey (2013). 
The upper surface of the Chesterian Series in the Illinois Basin is marked by an erosional unconformity 
consisting of a series of deeply eroded northeast-southwest trending paleovalleys (Figure 2.10A) which 
were carved and filled by southwest flowing Pennsylvanian river systems (Bristol & Howard, 1971). 
Cross-bed dip measurements from the basal Pennsylvanian sediments filling these valleys to the top of the 
Pennsylvanian system support that paleoflow was to the south-southwest throughout the Pennsylvanian in 
the Illinois Basin (Potter & Siever, 1956; Potter & Glass, 1958). The trend of the paleovalleys within the 
upper surface of the Chesterian Series and cross-bed dip directions throughout overlying Pennsylvanian 
system mirror the common northeast-southwest trends of the underlying Chesterian sediments (Potter, 
1958; Treworgy, 1991; Nelson et al., 2002). The mean cross-bed dip direction in Chesterian fluvial 
sandstones (Figure 2.11) support that the mean paleoflow of Chesterian river systems was parallel to the 
slope of the craton, sourced from the north, and in a southwestward direction (Potter et al., 1958; Swann, 
1964).  
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Figure 2.10. A) Map showing southwest flowing paleovalleys carved within the upper Chesterian surface [after 
Bristol & Howard (1971)]. B) Approximate location and trend of the ancestral Michigan River System in relation to 
the Upper Mississippian subcrop (dotted region). Trends of Upper Mississippian sandstones in the Illinois Basin are 
shown (white arrows); the size of arrows indicates relative sediment flux through the Illinois Basin. Names of 
principal sandstones in each region are capitalized [after Potter (1962)]. C) Idealized dispersal system of the 
Chesterian Michigan River System based upon sandstone geometries, thicknesses, and trends [after Potter (1962)]. 
D) Paleogeography of the Chesterian Michigan River System showing the birds-foot-type delta hypothesized by 
Potter (1962, 1963) and Swann (1964). 
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Figure 2.11. Cross-bed dip directions of within sandstones of the Bethel to Cypress Sandstone interval and 
percentage of sand (from subsurface data) from the Downeys Bluff Limestone to the Barlow Limestone. Subsurface 
sand trends oriented northeast-southwest support observed southwestern cross-bed dip directions. Figure from Potter 
et al. (1958). 
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Terrigenous Chesterian sediments were are believed to have been sourced primarily from the Eastern 
Canadian Shield [secondarily from the Transcontinental Arch in Minnesota and Wisconsin (Craig & 
Varnes, 1979; Sable, 1979)] and were transported by a large, northeast-southwest trending river system 
(Potter, 1962) (Figure 2.10B), later referred to as the Michigan River (Swann, 1963), which terminated in 
an extensive birds-foot-type delta within a shallow sea (Figure 2.10D). Recent study, however, suggests 
that a birds-foot-type Chesterian delta is implausible, although localized small-scale coarsening-upward 
successions do support prograding deltas (Nelson et al., 2002). Instead, tidal, wave, and storm currents 
seem to have exerted a strong influence on deltas in the Chesterian (Treworgy, 1988; Nelson et al., 2002). 
Based on the geometry and size of mouthbars and channels, distributaries of the Chesterian Michigan 
River are hypothesized to have been smaller than those of the Mississippi River (Swann, 1964). Swann 
(1964) further hypothesized that most distributary channels were 0.4-0.8 km (0.25-0.5 mi) wide and 
ranged from 9.1-18 m (30-60 ft) deep but could reach up to more than 61 m (200 ft) deep; mouthbars of 
these distributaries are believed to have been ~3-8 km (~2-5 mi) wide and formed within ~9-30 m (~30-
100 ft) of water (Swann, 1964). 
The Chesterian Michigan River is believed to have consisted of, from north to south, anastomosing belt 
sandstone bodies with dendritic-like tributaries, an anastomosing belt dominated by distributaries, a 
distributary deltaic system, and down-slope oriented (northeast-southwest) isolated marine “sand ribbons” 
and “pods” (2.10C; Potter, 1962). Siliciclastic deposition from the Michigan River System during the 
Chesterian was restricted mainly to the Fairfield Basin (Figure 2.10B), with carbonates and mudstones 
preferentially forming on the Eastern and Western Shelves (Buschbach, 1971; Willman et al., 1975) 
where accommodation was limited and relatively isolated from a siliciclastic source. 
Within the Chesterian Series strata, sandstone bodies up to 61 m (200 ft) thick are present that are thought 
to be primarily a product of tributaries, anastomosing fluvial belts, and deltaic distributaries (Potter, 
1962). These bodies are commonly composed of planar and cross-bedded sandstone. Texturally, the 
sandstone is well sorted, mineralogically mature, and unusually fine-grained in comparison to modern 
lowland river systems (Ma et al., 2017). Very- fine to fine- grained sandstone is dominant and medium 
grained sandstone is rare (Potter, 1962; Swann, 1964). The Bethel and Sample sandstones, the two 
immediate sandstone units that underlie the Cypress Formation (Figure 2.8A), are the only Chesterian 
formations with grains larger than medium-grained sand, sometimes including quartz granules and 
pebbles (Hrabar & Potter, 1969; Nelson et al., 2002). The petrographic homogeneity and uniformly fine 
grain size of thick Chesterian sandstones suggests a shared multicycle origin (Swann, 1964).  
Thick Chesterian sandstone bodies, although bearing excellent reservoir properties, are typically less 
prolific oil producers than the thinner, northeast-southwest oriented “ribbon” and “pod-like” Chesterian 
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sandstone bodies encased in shale. These sandstone “lenses” are believed to represent products of marine 
tidal currents oriented northeast-southwest in a prodeltaic setting (Potter, 1962, 1963). In addition to 
being thinner, sandstone “lenses” are commonly finer grained and exhibit poorer reservoir quality than 
thick fluvial sandstone deposits, more clay-rich and typically silty to very fine-grained. 
The cyclical character of Chesterian sediments has long been recognized. Most cycles can be correlated 
across the Illinois Basin and some even outside of the basin into the Black Warrior Basin to the south 
(Nelson et al., 2002) and the adjacent Appalachian Basin (Al-Tawil, 1998). The paleoshoreline in the 
region shifted regularly 160 to 965 km (100 to 600 mi) in a northeast-southwest direction (Figure 2.10D; 
Pryor & Sable, 1974) and drove cycle formation (Nelson et al., 2002). Within individual cycles, coal and 
paleosols can exist near the Chesterian southern subcrop limit and suggest that land extended past the 
Illinois Basin’s southern limit during lowstands. In the same cycle, limestones and shales may extend to 
the northern subcrop limit, which suggests that maximum flooding extended well north of the Illinois 
Basin (c.f. Swann, 1964).  
Many different mechanisms have been proposed for these dramatic shifts in the paleoshoreline. Early 
work by Swann (1964) suggested that the rhythmic alternations of siliciclastics and carbonates in the 
Illinois Basin were produced during a time of relatively static sea level and resulted from repeated basin-
scale normal regressions of the Michigan River across a gradually subsiding basin, with limestones 
forming intermittently during clear, shallow sea conditions when sediment supply to the Michigan River 
was significantly reduced. Swann (1964) suggested that sediment supply of the Michigan River was 
controlled by periodic alternations between relatively humid and arid climates in Eastern Canada, with 
arid climatic conditions equating to reduced vegetation, high erosion rates and sediment supply, and 
significant normal regressions. Conversely, more humid climatic conditions resulted in denser vegetation 
that hindered erosion rates, reduced sediment supply from the Michigan River, and the establishment of 
an environment suitable for carbonate formation. In contrast, Droste & Horowitz (1990) and Cecil (1990) 
believed that Chesterian siliciclastics formed during humid periods and carbonates during dry periods.  
Although no studies have directly proposed a tectonic model for Chesterian cyclicity, Pennsylvanian 
cyclicity in the Illinois Basin has been suggested to be a product of rhythmic subsidence (Udden, 1912) or 
rhythmic downwarping and upwarping of the basin induced by far away orogeny (Weller, 1930). 
However, the aforementioned climatic and tectonic models for cyclicity have recently been ruled out as 
mechanisms for Chesterian cycles by Nelson et al., (2002) who support glacio-eustatic fluctuations as 
being the primary driver of cyclicity within both the Chesterian and the Pennsylvanian sediments of the 
Illinois Basin. Recent studies by Fielding et al., (2008) (Figures 2.1 and 2.2) support that Chesterian and 
Pennsylvanian cycles around the world were driven largely by glacio-eustatic fluctuations. Evidence of 
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significant global Late Mississippian glacial deposits strengthen the case for Chesterian cycles driven by 
glacio-eustasy (Caupto & Crowell, 1985; Crowell, 1978; Frakes, Francis, & Sykto, 1992; Hambrey & 
Harland, 1981; Ross & Ross, 1988; Veevers & Powell, 1987). 
Beerbower (1964) defined cyclical sedimentation as having two drivers: autocyclic processes that are 
inherent to the depositional system (river/delta avulsion), and allocyclic processes that are controlled by 
external mechanisms (tectonics, sea level, climate). Although there is some disagreement between past 
studies concerning the origin of Chesterian cyclicity in the Illinois Basin, most agree that the cycles are a 
product of an allocyclic control. The repeated basin-scale alternations between shallow marine and fully 
terrestrial in the Chesterian Illinois Basin could not have been produced by relatively local-scale 
autocyclic processes (river/delta avulsion). Chesterian cycles must be direct products of regional or global 
mechanisms (Nelson et al., 2002). 
Twenty cyclical successions of siliciclastic-carbonate deposition are recorded (Nelson et al., 2002; Devera 
et al., 2010) within the Chesterian Series of the Illinois Basin. Within the Lower Chesterian Series, 
Nelson et al. (2002) identified eleven depositional cycles, or sequences (Figure 2.12), with  frequencies 
that agree well with fourth-order (100,000-500,000 thousand years) glacio-eustatic sea-level changes 
(Figure 2.12; Nelson et al., 2002). The limited data base for the Chesterian Series of the Illinois Basin 
inhibits the identification of parasequences with much confidence. Although 45 parasequences were 
identified by Smith (1996) for the Late Mississippian, Nelson et al. (2002) concluded that these 
parasequences may be the autogenic products of shifting of delta lobes, crevasse splays, or tidal channels. 
If products of allocyclic control, such as glacio-eustasy, the 45 parasequences indicate 5th order sea-level 
fluctuations with an average duration of 67,000 years (Nelson et al., 2002). Because delta progradation 
likely occurred several times per million years, the frequency and duration of Chesterian sequences is 
comparable to Pennsylvanian sequences in the Illinois Basin (Swann, 1964), although Chesterian 
sequences contain volumetrically more limestone and less coal than Pennsylvanian sequences (Cecil, 
1990). However, coal beds overlying Chesterian sandstones, although much thinner and less extensive 
than coals overlying Pennsylvanian sandstones, increase the similarity between Chesterian and 
Pennsylvanian sequences in the Illinois Basin (Siever, 1953; Smith & Read, 2001). 
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Figure 2.12. Eleven depositional sequences (sequence boundaries in bold) within the Lower Chesterian and the 
corresponding sea level curve. The left figure is not representative of a cross-section of the Illinois Basin. Figures 
modified from Nelson et al., (2002).  
Sequence stratigraphy of the Chesterian Series in the Illinois Basin has been conducted by only a few 
authors (Smith, 1996; Smith & Read, 1999, 2000, 2001; Nelson et al., 2002) that are all generally in 
agreement. These authors suggest that sequence boundaries are either erosional and at the bases of incised 
valleys or non-erosional and associated with paleosols on interfluves. Paleosols, most common and best 
developed on the Eastern, Sparta, and Western Shelves, exist within sediments representing a wide range 
of environments, with evidence for paleosols existing in limestone, sandstone, siltstone, shale, and 
mudstone. Lowstand systems tract (LST) deposits are considered to be rare in incised valleys due to the 
low accommodation setting, necessitating a high degree of sediment bypass. Most LST sediments are 
believed to have been bypassed through the basin and deposited well south of the Chesterian subcrop. 
Siliciclastic incised valley fills are instead interpreted to be dominantly transgressive systems tract (TST) 
deposits, with pre-existing LST deposits being heavily reworked during TSTs. Maximum flooding 
surfaces (MFS) are not typical or comprised of black phosphatic shale or condensed marine bands; 
instead, they are more ambiguous, being commonly grey shale or micritic limestone. MFS deposits are 
interpreted to represent much shallower environments than MFSs in most other basins, with water depths 
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rarely reaching deeper than storm-wave base. High stand systems tract (HST) deposits are commonly 
truncated by sequence boundaries at the bases of incised valleys and can either consist of limestones or 
siliciclastics. Limestone HSTs exhibit upward-shoaling trends from micritic limestone and wackestone or 
packstone to grainstone. Siliciclastic HSTs commonly coarsen upward from shale to sandstone and are 
believed to represent prograding deltas and shorelines. HSTs are much thicker than TSTs and are believed 
to constitute the bulk of most Lower Chesterian sequences. The most recent sequence stratigraphic model 
of the Cypress Formation, seen in Ficure 2.12, is adopted in this study. 
 
2.3 The Cypress Formation 
The Cypress Formation (Cypress Sandstone), a dominantly siliciclastic Chesterian formation in the 
Illinois Basin, contains significant oil reservoirs and has been studied for over a century. Early 
investigations were stratigraphic and concerned with nomenclature while the focus shifted to more 
detailed studies of sedimentology and reservoir characterization as the significance of Cypress Formation 
oil reservoirs was realized.  
With cumulative production of over 1 billion bbl (0.2 billion m3), the Cypress Formation is the leading oil 
producing formation in the Illinois Basin, having produced roughly one-third of all oil from Illinois ( 
Oltz, 1994; Huff & Seyler, 2010). Cypress Formation reservoirs were discovered nearly 110 years ago in 
the southeastern Illinois oil fields (Blatchley, 1913), and although most of these reservoirs are depleted 
from a primary production standpoint, a significant amount of economically recoverable mobile oil still 
remains unswept (Grube & Frankie, 1999). In addition to hosting untapped oil reserves, thick sandstone 
units within the Cypress Formation are considered high-potential targets for storing significant volumes 
of anthropogenic CO2 (NETL, 2010). 
The Cypress Formation is one of the thickest and most persistent Chesterian sandstones in the Illinois 
Basin, attaining a thickness over just over ~60 m (~200 ft) in certain locations of southcentral Illinois (e.g. 
Western Richland County). The Cypress Formation is named after Cypress Creek in Union County, 
Illinois, by Englemann (1863) where the formation was first described in outcrop. In Indiana, the Cypress 
Formation is commonly known as the Elwren Sandstone (Malott, 1919). In western and southern Illinois, 
Weller (1913) described the Ruma sandstone and shale, a unit that was also later found to be correlative 
to the Cypress Formation.  
The majority of Cypress Formation studies in Illinois have been isolated in oil fields on a relatively local 
scale and rely on oil field data including geophysical logs, whole and reduced core, and well cuttings. Oil 
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fields in which the Cypress Formation has been studied include Bartelso Field (Whitaker & Finley, 1992), 
Freeburg Gas Pool (Meents, 1959), Herald Field (McDurmitt, 1949), King Field (Folk & Swann, 1946), 
Lawrence Field (Udegbunam & Grube, 1993; Oltz, 1994; Seyler et al., 2012), Louden Field (Adams, 
1957; Cluff & Lasemi, 1980), Mattoon Field (Harris, 1943; McGee, 1994; Oltz, 1994; Baroni, 1995; 
Damico et al., 2014), New Harmony Field (Cohee, 1942), Odin Field (Campbell, 1949), Parkersburg 
Field (B. Seyler, 1994), Richview Field (Grube & Frankie, 1999), Roland Consolidated Field (Wilsey, 
1984), Storms Field (Leetaru, 1996), Tamaroa Field (Grube, 1992), and Xenia East Field (Xu & Huff, 
1992). Well density utilized for characterization of the Cypress Formation differs between these studies 
and only exceeds ~10 wells per section [2.6 km2 (1 mi2)] in study areas less than ~64 km2 (~25 mi2). 
Studies areas larger than this size utilize a well density of less than ~10 wells per section. Presently, no 
studies have utilized a high well density (~10 wells per section) across a large area (over 64 km2).  
Fewer studies have been solely dedicated to understanding the Cypress Formation on a scale larger than 
the that of the oil field; these include Chapman (1953), Grey et al. (1960), Kehlenbach (1969), Sullivan 
(1972), Cole and Nelson (1995), Seyler et al. (2000), Nelson et al. (2002), Ou (1984). Areas of 
investigation for past subsurface-based studies and outcrop-based studies are given in Figures 2.13 and 
2.14, respectively. 
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Figure 2.13. Past subsurface studies and combined outcrop and subsurface studies of the Cypress Formation and 
their area of investigation. Red dashed areas are studies that utilized subsurface data (core and/or well logs) and 
outcrops, while blue areas are studies that utilized only subsurface data (core and/or well logs). Areas of 
investigation are superimposed on the “facies” map of Nelson et al. (2002). 
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Figure 2.14. Past outcrop studies and combined outcrop and subsurface studies of the Cypress Formation and their 
area of investigation. Red dashed areas are studies that utilized subsurface data (core and/or well logs) and outcrops, 
while green areas are studies that utilized primarily outcrop data (core and/or well logs). Cole & Nelson (1995) is an 
exception that utilizes mostly outcrops but also utilizes some subsurface data in the vicinity of the outcrop belt. 
Areas of investigation are superimposed on the “facies” map of Nelson et al. (2002). 
Core data of thick sandstones in the Western Belt of southcentral Illinois (the northeast-southwest 
sandstone trend seen in Figures 2.13 and 2.14) is relatively sparse and incomplete because of its historical 
lack of oil production, with no core existing which samples the entire thickness of the sandstone, let alone 
the entire formation, including the overlying, basin-wide Barlow Limestone (Beech Creek Limestone) 
marker bed or the underlying Ridenhower Shale in this region. Outcrop exposures of the Western Belt 
also do not regularly expose the entire formation, with only small windows [~18 m (~60 ft) or less] of 
sandstone being most common, as shalier parts of the formation are usually covered or vegetated. As 
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such, most studies within the Western Belt have been restricted to primarily geophysical logs, incomplete 
core, and well cuttings. The majority of Cypress Formation core studies have been focused outside of the 
Western Belt (Seyler, 1994; Cole and Nelson, 1995; Smith, 1995; Seyler et al., 2000) where cores are 
more common and more complete. Additionally, although the Cypress Creek type section within the 
Western Belt has been known for over 100 years, there has yet to be a detailed study in the area and much 
remains to be documented. Only general descriptions of the area exist from Cole & Nelson (1995), 7.5-
minute quadrangle bedrock maps made since the 1990s, and notes from Englemann (1863). 
In summary, the origin, architecture, and reservoir heterogeneity of thick sandstones in the Western Belt 
are relatively unknown because they are understudied. To shed new light on the Western Belt, this study 
incorporates new complete core, detailed outcrop study of Cypress Creek, and a large oil field study that 
utilizes a high well density. 
2.3.1 Lithology, Facies, Depositional Environments, Sequence Stratigraphic Context, and      
         Reservoirs of the Cypress Formation 
The Cypress Formation is lithologically variable, being composed dominantly of thick sandstone in some 
areas, shale interbedded with numerous lenticular sandstone bodies in others, and mostly red and green 
variegated mudstone on the basin shelves. Similar to other Chesterian siliciclastic formations in the basin, 
sandstones within the Cypress Formation commonly manifest in two different forms – as thin sandstone 
lenses embedded in shale or thick sandstone bodies that can either exhibit elongate channel-form or 
blanket-type morphology. Sandstones within the Cypress Formation are predominantly subarkosic and 
sublitharenitic in composition (Figure 2.15; Pitman et al., 1998).  
 
Figure 2.15. Ternary QFL diagram of sandstones within Cypress Formation. Sandstone samples were taken from a 
wide range of intervals (lower, middle, or upper) within the Cypress formation and throughout the basin. Figure 
modified from Pitman et al. (1998). 
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The Cypress Formation has been divided regionally into several different “facies” provinces based on 
gross lithologic similarity and the typical geometry and thickness of sandstones (Figure 2.16; Nelson et 
al., 2002). In shelf areas, the Cypress Formation thins and consists mostly of mudstone and sandstone 
lenses. In southcentral Illinois, a northeast-southwest trending belt of erosionally-based thick sandstone 
(Western Belt) is thought to represent incised valley fill consisting of thick sandstone deposits (Figure 
2.16). Paralleling the Western Belt is the West Baden Trend (Figure 2.16) which also consists of thick 
(erosionally-based?) sandstones that amalgamate with sandstones of the underlying Ridenhower and 
Bethel Formations in a linear northeast-southwest trending belt believed to represent a incised valley fill 
(Nelson et al., 2002) or a delta distributary (Sullivan, 1972). In all “facies” provinces defined by Nelson et 
al., (2002), including outside of the Western Belt and West Baden Trend, the lower Cypress Formation is 
commonly sandier than the upper Cypress Formation, with sandstone lenses embedded in shale in the 
upper Cypress Formation (Willman et al., 1975). Boundaries of “facies” provinces within the Cypress 
Formation are all roughly oriented in a north-south or northeast-southwest direction (Figure 2.16). 
 
Figure 2.16. Subcrop extent (dashed outer boundary) and regional generalized “facies” provinces of the Cypress 
Formation. Cross section of Figure 2.17 is shown in red. Figure modified from Nelson et al. (2002).  
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The generalized “facies” provinces within the Cypress Formation (Figure 2.16) are not genetically related 
and deposited within the same sequence (Nelson et al., 2002), and like many siliciclastic Lower 
Chesterian formations, is a product of more than one sequence. The deposits that comprise the Cypress 
Formation have been interpreted to fall within three separate sequences (Sequences 7, 8, and 9; Figure 
2.17), with one sequence (Sequence 8) being contained completely within the formation (Figure 2.17). As 
such, Nelson et al. (2002) suggest that the Cypress Formation can be conveniently broken down into three 
phases:  the pre-valley fill phase (HST of Sequence 7), the major valley fill phase (LST, TST, MFS, and 
HST of Sequence 8), and the minor valley fill phase (LST and TST of Sequence 9). Possible mechanisms 
controlling sequence formation within the Chesterian are discussed in the previous section, with basin-
scale sea level fluctuations being the preferred mechanism (Nelson et al., 2002). 
 
Figure 2.17. Generalized cross section of the Lower Chesterian Series from the Ozark Dome to the Cincinnati Arch 
displaying the eleven depositional sequences of the Lower Chesterian Series. The Cypress Formation (yellow) is 
believed to be comprised of three depositional sequences (Sequences 7, 8, and 9). Figure 2.16 shows the cross-
section’s orientation. Figure modified from Nelson et al. (2002). 
 
 
SEQUENCE 7 
Sequence 7 encompasses the valley fill phase of the Sample Sandstone, the Reelsville Limestone, and the 
pre-valley fill phase of the Cypress Formation. The valley fill phase of the Sample Formation and the 
lower part of the Reelsville Limestone are believed to consist mostly of transgressive systems tract (TST) 
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deposits, with lowstand systems tract (LST) deposits being less common (Nelson et al., 2002). The 
Reelsville Limestone which is well developed on the Eastern and Western Shelves becomes lenticular, 
sandy, and commonly intergrades with shale (Ridenhower Formation) in the Fairfield Basin, suggesting 
that considerable amounts of sand and clay were discharged into the center of the Illinois Basin from the 
northeast as the HST of Sequence 7 ensued. The uppermost HST deposits within Sequence 7 are the pre-
valley fill portion of the Cypress Formation (Figure 2.17) and exist primarily on the Eastern and Western 
Shelves and between the Western Belt and West Baden Trend (Figure 2.16). Within the HST of Sequence 
7, Smith (1996) identified three parasequences, one in the upper Sample, one including the lower Cypress 
Formation and Reelsville Limestone, and the third in solely the Cypress Formation.  
On the Eastern Shelf, the Cypress Formation is mostly contained within Sequence 7 and mostly 
comprises shale (Figure 2.17), with sandstone lenses existing in the lower part and red and green 
variegated shale at the top (Ambers & Petzold, 1992) which marks the sequence boundary of the next 
sequence, Sequence 8. Shale and “sandstone lenses” that can be cross-bedded in the lower part of the 
Cypress Formation (HST of Sequence 7) on the Eastern Shelf (Figure 2.17) commonly contain marine 
fossils (Nelson et al., 2002). 
Similarly, on the Western Shelf the Cypress Formation is comprised of lenticular sandstones encased in 
shale in the lower part (Figure 2.18; HST of Sequence 7), with a variegated red and green shale 
commonly existing immediately above these lenses (Figure 2.18; Nelson et al., 2002). In the “sandstone 
lenses” to the west of the Western Belt (Figure 2.16), the Cypress Formation is typically divisible into 
three or four sandstone units separated by laterally continuous shale and occasionally paleosols (Figure 
2.18; Grube, 1992; Whitaker & Finley, 1992; Nelson et al., 2002); these deposits commonly contain 
fragmented marine body fossils (Whitaker & Finley) and are considered to largely be HST deposits of 
Sequence 7 (Figure 2.18; Nelson et al., 2002). In places, such as Bartelso Field in Clinton County, a 
thicker lower sandstone is present (Figure 2.18) that uniformly blankets the small oil field ~42 km2 (~16 
mi2). The sequence boundary of Sequence 8 is placed at the uppermost paleosol when multiple exist in the 
“sandstone lenses” province to the west of the Western Belt. Within the Western Belt, the valley-fill-
phase of the Cypress (Sequence 8) truncates much of the pre-valley fill HST Cypress within Sequence 7, 
leaving behind only localized remnants. Where present, these sediments rest conformably on the 
Reelsville Limestone Member and commonly coarsen upwards. Within the West Baden Trend, where 
sandstones of the Bethel, Sample, and Cypress amalgamate, the pre-valley fill phase of the Cypress 
Formation is considered to be completely eroded or absent.  
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Figure 2.18. (Left) Isochore map >50% clean of the “purple interval” showing the northeast-southwest trending 
sheet-like sandstone in the HST of Sequence 7 in Bartelso Field, Clinton County, Illinois. Bartelso Field lies in the 
“sandstone lenses” to the west of the Western Belt (Figure 2.16). (Right) Type log of the Cypress Formation in 
Bartelso Field with Nelson et al. (2002)’s sequence stratigraphic interpretation applied. Note:  sand within the “pink 
interval” forms a relatively uniform blanket across the entire field. Figures modified from (Whitaker & Finley, 
1992). 
The most oil-productive reservoirs within the Cypress Formation are the “sandstone lenses” outside of the 
Western Belt and West Baden Trend (Figure 2.16). Most Cypress oil production has come from 
“sandstone lenses” within the upper HST of Sequence 7, located along Illinois’ southeastern border 
(Figure 2.16; Seyler et al., 2000). Sandstone lenses in the HST of Sequence 7 are no more than 30 ft (9.1 
m) thick, commonly stacked or shingled, and bound in stratigraphic-structural traps associated with 
anticlines (Grube, 1992; Seyler et al., 2000). Sandstone lenses within the Cypress Formation, including 
those within the HST of Sequence 7, have been interpreted to represent tidal bars, tidal ridges, or 
shoreface sandstones deposited in a brackish to marine setting (Grube, 1992; Whitaker & Finley, 1992; 
Xu & Huff, 1992; Udegbunam & Grube, 1993; Leetaru, 1996; Grube & Frankie, 1999; Seyler et al., 
2012; Damico et al., 2014). Evidence for this interpretation includes planform geometry, close association 
with extensive shales, and an abundance of low energy tidal bedforms such as bidirectional ripples, 
reactivation surfaces, lenticular bedding, wavy bedding, and flaser bedding. Higher energy bedforms, 
such as cross-beds, are rare in sandstone lenses of the Cypress Formation and only become more common 
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on the Eastern Shelf (Nelson et al., 2002). Figure 2.19 shows an example of northeast-southwest oriented 
sandstone lenses of the Cypress Formation within the upper HST of Sequence 7, located between within 
the “sandstone lenses” province between the Western Belt and the West Baden Trend (Figure 2.16; 
Lawrence County). 
 
Figure 2.19. (Left) Isopach map >50% clean of the “B horizon” showing the northeast-southwest trending sandstone 
lenses in the HST of Sequence 7 in Lawrence Field, Lawrence County, Illinois. Lawrence Field lies in the sandstone 
lenses “facies” province between the Western Belt and the West Baden Trend (Figure 2.16). Contours are in feet and 
numbered square boxes (sections) are 1.6 km2 (1 mi2). (Right) Type log of the Cypress Formation in Lawrence Field 
showing the sequence stratigraphic context of sandstone lenses which are situated in the lower Cypress Interval. 
Figure modified from Seyler et al. (2012). 
SEQUENCE 8 
Sequence 8 is completely contained within the Cypress Formation (Figure 2.17) and is best developed in 
the Fairfield Basin; Sequence 8 contains the main valley fill phase of the Cypress Formation. Thick 
sandstones with common erosive bases and clean “blocky” or upward-fining geophysical log profiles 
within Sequence 8 (Figures 2.20 and 2.21) are considered to represent incised valley fill deposits 
produced by a major lowstand event (Figure 2.12; base of Sequence 8) within the Lower Chesterian 
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Series (Nelson et al., 2002). Incised valley fill deposits of the Cypress Formation rest above an erosive 
sequence boundary [up to ~60 m (~200 ft) of erosion] and are located within two south-southwest 
trending clastic belts:  the West Baden Trend and the Western Belt (Figure 2.16; Nelson et al., 2002). 
These clastic belts are believed to largely represent reworked TST deposits of Sequence 8, with LST 
deposits constituting much less of the valley fill (Nelson et al., 2002). 
 
Figure 2.20. Interpreted ~4 mile (~6.4 km) long geophysical log (SP and resistivity) cross section of the Cypress 
Formation showing sequences and an interpreted Sequence 8 incised valley fill within the southern end of the 
Western Belt in Williamson County, Illinois. Sequence 7 has been completely eroded here. Depth is in feet. Figure 
modified from Nelson et al., (2002). 
 
 
Figure 2.21. Interpreted ~1 km (~6.75 mi) long cross section of the Cypress Formation based on geophysical logs 
(SP and resistivity) showing the erosionally-based [12-15 m (40-50 ft) of relief] thick Cypress Formation within the 
northern end of the Western Belt in Jasper County, Illinois. Here the thick Cypress Formations form a broad belt, 
with sandstones greater than 37 m (120 ft) thick forming auxiliary north-south to northwest southeast trends. Figure 
modified from Potter (1962). 
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Incised valley fill deposits in the Cypress Formation are primarily well-sorted, very fine- to fine-grained, 
cross-bedded, quartz arenite that may contain sand-sized echinoderm and bryozoan fragments (Nelson et 
al., 2002). The incised valley fill deposits within the Western Belt are heterogeneous, commonly 
containing shale and siltstone partings and interbeds within and between individual sandstone bodies 
(Figure 2.21). Drastic lateral and vertical changes over short distances or thicknesses characteristic of low 
accommodation intracratonic basins (Leighton, 1990) are common within the Cypress Formation (Figure 
2.21; Swann & Atherton, 1948), especially within the Western Belt. In many instances, thick sandstone in 
the Western Belt (Figure 2.22) become a relatively continuous “block” of sand reaching up to 200 ft thick 
(e.g. in Richland and Clay Counties). In Clay and Richland Counties, thick sandstone can laterally 
transition to mostly shale over ~1.5-3 km (~1-2 mi) distances. The regional Cypress Formation isopach 
(Figure 2.22) shows that significant thickening and thinning of sandstone occurs within the Western Belt. 
Thus, there is a good possibility for auxiliary trends within the Western Belt. A higher well density and 
additional cross sections are necessary to differentiate trends or valleys within Sequence 8 of the Western 
Belt.  
Thick sandstone deposits within the Western Belt have been interpreted in several different ways, 
including:  dominantly “open sea” sandstones (Phillips, 1952), dominantly marine sandstones and few 
deltaic distributaries (Chapman, 1953), dominantly anastomosing fluvial belt and distributary deposits 
(Potter, 1962; Swann, 1964), dominantly deposits from near the confluence of marine and fluvial 
environments (Kehlenbach, 1969), dominantly offshore submarine sand dunes or sand waves (Seyler, 
1982), dominantly open marine deposits (Cole & Nelson, 1995), or dominantly marine reworked major 
trunk streams of a braided river system (Nelson, 2002). Most studies, apart from Potter (1962) and Swann 
(1964), suggest that marine forces played a significant role in forming most the thick sandstones of the 
Western Belt. However, it is clear that the origin of thick Western Belt sandstones is still largely 
unknown. 
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Figure 2.22. Net sandstone isopach map of the Cypress Formation in southern Illinois overlain with a structure map 
of the base of the Barlow Limestone. Green areas are producing oil fields within the Cypress Formation in Illinois. 
Outline of the Western Belt is provided for reference. Map created with 1,700 wells with a minimum well density of 
4 wells per township  Modified from Huff & Seyler (2010).  
The sediments immediately overlying the thick, sandy incised valley fill deposits of the Western Belt are 
commonly heterolithics topped by paleosols. In areas lacking incised valley fill deposits where multiple 
stacked paleosols are present, as is the case on the Western Shelf, the uppermost Cypress paleosol is 
presumed to be the sequence boundary of Sequence 8. Incised valleys or channels filled with sandstone or 
limestone from the overlying Sequence 9 locally truncate the paleosol. Overlying this paleosol, especially 
in the basin interior, are heterolithic facies with ripple and flaser bedding, tidal rhythmites, and brackish 
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to marine body fossils and trace fossils. Embedded within marine heterolithic facies above thick 
sandstone of the Western Belt are commonly sandstone lenses that are largely rippled to wavy bedded. 
Similar to the “sandstone lenses” of Sequence 7’s HST outside of the Western Belt (Figures 2.18 and 
2.19), sandstone lenses above thick Western Belt sandstones are interpreted to be offshore marine bars or 
tidal sand ridges (Nelson et al., 2002; Grube, 1992). An example of interpreted tidal macroforms 
overlying thick sandstone of the Western Belt is shown in Figure 2.23.  
 
Figure 2.23. (Left) Example of mapped northeast-southwest trending sandstone lenses in the upper Cypress interval 
above thick sandstone in Tamaroa Field which lies on the western border of the Western Belt in Perry County, 
Illinois. (Right) Type log of the Cypress Formation in Tamaroa field showing the stratigraphic position (upper 
Cypress Interval) and log character of sandstone lenses above a thick sandstone body. 
Although thick sandstones within the Western Belt exhibit higher porosities and permeabilities, they do 
not commonly contain prolific oil reservoirs. Production from thick LST-TST sandstones within the 
Western Belt is relatively sparse (Figure 2.22), with most production coming from TST sandstone lenses 
overlying thick sandstones in the Western Belt. However, in places, incised valley fill sandstones within 
the Western Belt contain a relatively thin oil column at their top which may be underlain by a residual oil 
zone (ROZ). Such reservoirs have low primary recovery due to the early onset of excessive water coning 
and are thus an underproduced oil resource in the Illinois Basin. Examples of areas that produce oil from 
the top of thick Western Belt sandstones include the Clay City Anticline and Louden Oil Field. 
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SEQUENCE 9 
The uppermost portion of the Cypress Formation exists in Sequence 9 where valleys filled with clean 
sand locally incise down from just beneath the Barlow Limestone into the underlying heterolithic deposits 
of Sequence 8 (Figure 2.24). Outside of these incised valleys, the Sequence 9 deposits of the Cypress are 
suggested to conformably overlie upper boundary paleosols of Sequence 8 and consists of a few meters of 
shale, siltstone, and sandstone that show tidal indicators, such as ripple and flaser laminations, clay 
drapes, tidal rhythmites, and/or trace fossils; marine body fossils were noted although specific genera 
were not specified (Nelson et al., 2002). Greenish gray, glauconitic (not tested quantitatively), calcareous 
sandstone lenses often occur at the top of Sequence 9 where incised valley fills are nonexistent and grade 
into the overlying Barlow limestone (Nelson et al., 2002; Cole & Nelson, 1995). 
 
Figure 2.24. Interpreted ~0.6 mile (~1 km) long geophysical log (SP and resistivity) cross section of the Cypress 
Formation showing sequences and an interpreted Sequence 9 incised valley fill on the easternmost edge of the 
Western Belt in Edwards County, Illinois. Depth is in feet. Figure modified from Nelson et al., (2002). 
In summary, siliciclastic Sequences 7-9 have similar characteristics, with incised valleys containing LST 
and TST deposits, coals and paleosols forming above valley fills, and elongate bar swarms or thin marine 
sheet forming in the TST. HST deposits are largely lenticular and sheet-like marine deposits that may 
locally coarsen upward and are commonly incised into by overlying sequences (Nelson et al., 2002, 
Seyler et al., 2000; Whitaker & Finley, 1992; Smith, 1996). Figure 2.25 shows an interpretive block 
representative of Sequences 7, 8, and 9. 
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Figure 2.25. Interpretive block model showing depositional environments for Sequences 7, 8, and 9 which include 
the Cypress Formation. Figure from Nelson et al. (2002).  
2.3.2 Provenance and Paleocurrents 
Paleocurrent data have all been collected from the horseshoe-shaped Chesterian outcrop belt in southern 
Illinois, western Kentucky, and southeastern Indiana (Figure 2.11). Paleocurrent measurements of the 
Cypress Formation can be found in Potter et al. (1958), Cole & Nelson (1995), Hrabar & Potter (1969), 
and with more qualitative statements about paleocurrent direction in quadrangle bedrock map 
descriptions. A compilation of data from paleocurrent indicators (cross-bed dips, flutes, rib and furrows) 
from sandstones within the Bethel to Cypress Formation interval suggests a mean transport direction to 
the southwest (Figure 2.11; Potter et al., 1958), and the primary provenance is believed to be from the 
Canadian Shield (Potter, 1962), while the secondary provenance is postulated to be from the 
Transcontinental Arch near Minnesota and Wisconsin (Craig & Varnes, 1979; Sable, 1979). Paleoflow 
trends within just the Cypress Formation can be divided into two general intervals – the lower Cypress 
Formation interval and the upper Cypress Formation interval. The lower interval is most commonly 
exposed in outcrop because it is consistently sandier than the shaley upper interval which rarely outcrops.  
The northeast-southwest trends of the Cypress Western Belt and West Baden Trend corroborate the 
generally southwesterly trends of paleoflow indicators observed in Cypress Sandstone outcrops which 
mostly expose the lower interval. Figure 2.26 shows the orientation of paleoflow indicators (mainly cross-
bed dips) from solely the Cypress Formation. However, not all paleoflow indicators within the lower 
Cypress Formation interval imply paleoflow to the southwest (Figure 2.26; Potter et al., (1958). Cole & 
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Nelson (1995) and Oltz (1994) concluded in their study of the I-57 roadcut within the Western Belt that 
there is “no single dominant direction, only a general trend north to south” and a subordinate trend 
towards the northwest (Oltz, 1994). 
 
Figure 2.26. Cross-bed dip directions (Ntotal = 169) measured at Cypress Formation outcrops [values isolated from 
notes of Potter et al. (1958) on file at the ISGS’s library]. Nelson et al., (2002)’s Cypress Formation “facies” map is 
shown along with the Chesterian outcrop belt (green). Black line denotes the outline of the Illinois Basin.  
Direct paleoflow measurements within the upper Cypress Formation interval are not found in literature, 
likely due the poor expression of this interval in the outcrop belt and the fact that cross-bedding is not 
common within the sandstone lenses. However, evidence of paleoflow directions in the upper Cypress 
Formation interval exists in the basin interior where sandstone lenses are typically oriented north-south or 
northeast-southwest (Figure 2.23). Figure 2.27 is a compilation of measurements taken from the long axes 
of several sandstone lenses observable in isopach maps of Grube (1992), Whitaker & Finley (1992), Xu & 
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Huff (1992), Grube & Frankie (1999), Seyler et al. (2012), and Damico et al. (2014). Sandstone lense 
measurements from Lawrence Field (Seyler et al., 2012) and Storms Consolidated Field (Leetaru, 1996), 
although also oriented northeast-southwest (Figure 2.19), were excluded in the compilation rose diagram 
of sandstone lenses in the upper Cypress Formation interval since the tidal bars mapped in these oil fields 
are herein believed to exist in the lower Cypress Formation interval (i.e. HST of Sequence 7) and are 
likely not coeval with the tidal bars mapped in the upper Cypress Formation interval (i.e. TST of 
Sequence 8), overlying thick Western Belt sandstones. 
 
 
Figure 2.27. Rose diagram compiled from several authors (Damico et al., 2014; Grube & Frankie, 1999; Grube, 
1992; Leetaru, 1996; Seyler et al., 2012; Udegbunam & Grube, 1993; Whitaker & Finley, 1992; Xu & Huff, 1992) 
showing the common northeast-southwest orientation of the long axes of ovate tidal bars within the upper Cypress 
Formation interval.  
2.4 Research Objectives 
The primary objective of this thesis is to provide the geologic context necessary for understanding the 
feasibility of CO2-EOR and storage operations in thick sandstones of the Western Belt. Consequently, this 
thesis also provides new insight into the dynamics of Carboniferous sedimentation in the Illinois Basin. 
Specific questions to be addressed are: 
(1) What is the sedimentology, dominant depositional environment, and paleohydraulics of thick 
sandstone reservoirs within the Western Belt? 
(2) What is the sequence stratigraphic context of Western Belt sandstone reservoirs? 
(3) How are reservoir architecture, heterogeneity, and fluid flow anisotropy influenced by the 
depositional environment of thick Western Belt sandstones? 
(4) What implications does an improved understanding of thick Western Belt sandstones have for 
understanding the evolution of Carboniferous sedimentation in the Illinois Basin? 
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CHAPTER 3:  METHODOLOGY AND APPROACH 
3.1 Areas of Investigation 
Three areas are investigated in this thesis (Figure 3.1): 
1. Outcrop-scale study of the Cypress Formation in southern Illinois 
2. Oil field-scale study of the Cypress Formation in Hamilton County, southern Illinois 
3. Regional-scale study of the Cypress Formation throughout southern Illinois 
 
Figure 3.1. Generalized “facies” map of the Cypress Formation [modified from Nelson et al. (2002)] overlain with 
the three areas studied herein (outlined in red):  1. Outcrop-scale study, 2. Oil field-scale study, and 3. Regional-
scale study. The location of the map is boxed in red in the insert map. Figure modified from Nelson et al. (2002). 
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An outcrop study and a new “behind the outcrop” well (Figure 3.1; area of investigation 1) were 
integrated with findings in the subsurface of Dale Consolidated Oil Field (Figure 3.1; area of 
investigation 2) to gain a better understanding of the Cypress Formation throughout southern Illinois 
(Figure 3.1; area of investigation 3), with specific emphasis on the Western Belt. 
 
3.2 Dataset 
Data available for study of the Cypress Formation include outcrop, core, and an abundance of various 
types of geophysical logs. Thousands of oil wells have been drilled through the Cypress Formation in 
southern Illinois, with most having geophysical logs and few having core. 
3.2.1 Cores 
The cores studied are all held at the ISGS’s core annex in Champaign, Illinois. Many cores (at least 106; 
Appendix B) of the Cypress Formation exist throughout southern Illinois (Figure 3.2) and vary greatly in 
quality. However, most of the core only capture a small fraction of the Cypress Formation, with only a 
small percentage (~27%; 29 cores) containing long sections [>15.2 m (50 ft)] of the formation. 70 cores 
Figure 3.2, along with outcrops of Cypress Creek, were inspected in in this study to devise a sedimentary 
facies scheme, 7 of which were logged and described in detail. The cores studied in detail in this thesis 
were preferentially selected based on the following criteria: 
• Inclusion of thick Western Belt sandstone 
• Percentage of entire formation represented (high percentage preferred) 
• Length of section through Cypress Formation 
• Completeness (low percentage of core loss preferred) and quality (low degree of disintegration 
preferred) 
• New cores or old cores previously unstudied 
• Location - an effort was made to construct an even spatial distribution of cores 
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Figure 3.2. All cores found in this study in relation to Nelson et al. (2002)’s “facies” map. Cores inspected in this 
study are red, and cores not inspected are black. API (American Petroleum Institute) numbers of previously 
unstudied cores are included 
In certain cases, like in Lawrence County where multiple Cypress cores exist in close proximity (Figure 
3.2), at least one core was logged and chosen as a representative section of the area. When prioritizing 
cores for description and logging, an effort was also made to examine at least one core from within each 
of Nelson et al., (2002)’s “facies” regions (Figure 3.2). Above all, cores available within the Western Belt 
were prioritized, logged, and decribed first. New cores previously unstudied include:  121190035100, 
121812094100, 121812190900, 121652585700, 120650135600, 120650139200, and 121592608300 
(Figure 3.2). 
  
40 
 
3.2.2 Outcrops 
Although many outcrops of the Cypress Formation exist, they are commonly spatially isolated and rarely, 
if ever, expose the entire formation. No complete exposures of the Cypress Formation are known to exist 
in Illinois, with the sandstones of the formation being preferentially preserved in outcrop. Although these 
outcrops are typically heavily weathered and expose portions of thick Western Belt sandstones, they do 
provide valuable information about lateral and vertical reservoir variability that is unable to be obtained 
from core or geophysical log data in the basin interior. To assess facies, environments of deposition, 
lateral variability, and the associated reservoir properties of thick sandstones in the Western Belt, outcrops 
of the understudied Cypress type section at Cypress Creek, Union County, IL, were examined (Figure 
3.3). The entire Cypress Creek area was examined to determine the quality of exposures. The “outcrops of 
special note” in Cypress Creek, found on the Mt. Pleasant Quadrangle bedrock geology map (Figure 3.3; 
Nelson & Devera, 2007), were all visited along with other areas not noted by Nelson & Devera (2007).  
At Cypress Creek, photos were taken, bed thicknesses were measured using a metric tape measure, and 
cross-bed orientations and foreset dip angles were measured with a Brunton GeoTM Pocket Transit 
compass (declination of -2°). Additionally, samples from selected exposures in Cypress Creek were 
collected for grain size analysis; samples were collected above and below large-scale erosional 
boundaries.
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3.2.3 Geophysical Logs 
Geophysical logs - mostly pre-1970s logs - are by far the most abundant data available for study of the 
Cypress Formation. Interpretations and correlations within this thesis rely heavily upon these logs, which 
most commonly include spontaneous potential (SP), gamma ray (GR), and resistivity (RES) tracks. Other 
newer geophysical logs, such as density (RHO), density porosity (DPHI), neutron porosity (NPHI), 
spectral gamma ray (THOR, URAN, and POTA), and acoustic televiewer (ATV), were available in 
certain places and in some instances provided supplementary information.  
Throughout all areas of investigation (Figure 3.1), geophysical logs provided a basis for understanding 
the three-dimensional variability of the Cypress Formation. Where available, cores were used to calibrate 
and ground-truth the geophysical log data. In Dale Consolidated Oil Field (hereafter referred to as Dale 
Field), Hamilton County, IL (Figure 3.4), an oil field-scale case study was conducted. Dale Field was 
chosen for detailed geologic characterization because it is a large oil field [~675 km2 (255 mi2)] with a 
high well density, a known Cypress producer within the Western Belt, and hosts three whole core through 
thick Western Belt sandstone (Figure 3.4). 874 wells were used in Dale Field for mapping, although many 
more exist in the densely-drilled field. Dale Field is one of three Cypress oil fields chosen for study as 
part of the DOE-funded ISGS project “A Nonconventional CO2-Enhanced Oil Recovery Target in the 
Illinois Basin: Oil Reservoirs of the Chesterian (Upper-Mississippian) Thick Cypress Sandstone.” 
Geologic findings in all three oil fields, specifically in Dale Field, serve to guide regional geologic 
characterization and promote a better understanding of thick sandstone reservoirs within the Western Belt.  
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Figure 3.4. Dale Field outlined showing all wells available along with Cypress oil producers (bolded black) and 
cores (orange). The Western Belt “facies” boundary of Nelson et al. (2002) is dashed. Inset map shows location of 
AOI 2 (red box) in relation to Illinois and the Western Belt (highlighted blue). 
3.2.4 Thin Sections 
Samples were collected for thin sections nearly every 30 cm (1 ft) of the thick Western Belt sandstone in 
the Tripp-1 (121812190900) core. The samples were processed by Wagner Petrographic and made into 
standard polished petrographic thin sections with no cover slip, blue epoxy vacuum impregnation, K-
feldspar stain, iron stain, and dual carbonate stain. A Leica DM300 microscope was used to view each 
sample for grain size. Grain size was assessed semi-quantitatively by using a 500 𝜇𝑚 scale bar to estimate 
mean grain size for each sample. 
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3.3 Techniques 
3.3.1 Facies Analysis 
70 cores and several outcrops of Cypress Creek were inspected to establish complementary sedimentary 
and geophysical facies schemes. Outcrops at Cypress Creek served to promote a better understanding of 
the spatial and vertical process variability associated with thick Western Belt reservoir sandstone facies. 
Sedimentary facies were grouped into facies associations, which were then calibrated to geophysical data 
(primarily SP and RES logs) to create a geophysical facies scheme.  
3.3.2 Subsurface Mapping 
PETRA software was used in conjunction with geophysical log data (primarily SP, GR, and RES) to 
correlate between wells and generate isopach maps within PETRA’s correlation module. In some 
instances, RHO, DPHI, and NPHI logs were available and provided supplementary information which 
aided in correlations and lithologic interpretations. ArcGIS and PETRA were used to make net and gross 
isopach maps. 
Stratigraphic correlation and mapping within Dale Field was based on a lithostratigraphic approach due to 
the absence of log-detectable marker horizons within the Cypress Formation. However, in Dale Field, 
lithostratigraphic surfaces are herein believed to roughly represent chronostratigraphic surfaces (sensu 
sequence boundaries and flooding surfaces) due to their regional lateral extent.  
3.3.3 Grain Size, Porosity, and Permeability 
Sand size in the Cypress Formation is suggested to range from very fine- to fine-grained and less 
commonly medium-grained (Potter, 1962; Swann, 1964), although the mean grain diameter (in 𝜇𝑚) of 
thick Western Belt sandstone is unknown. Consequently, subtle grain size variations within the Cypress 
Formation, especially in thick Western Belt sandstones, may be overlooked when using a grain size card 
and hand lense. To reduce the chance for human error in grain size assessment, the Tripp-1 
(121812190900) core was assessed quantitatively in thin section. Each thin section was viewed at the 
same magnification alongside a 200 𝜇𝑚 scale bar. Grains were visually compared to the scale bar to 
estimate mean grain size in 𝜇𝑚. 
Outcrop samples were also collected for grain size analysis and made into thick sections (>30 𝜇𝑚). 
Outcrop thick section photos were then visually compared to estimate grain size and compare grain size 
differences above and below erosional contacts. These calibrations from grain size shifts identified in thin 
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section and under high magnification microscope served to guide and enhance grain size determination of 
thick Western Belt sandstone using a grain size card and hand lense in the rest of the cores studied herein.  
18 additional thin sections were analyzed by Mingyue Yu to quantitatively determine the mean grain 
diameter (𝐷50) of thick Western Belt sandstones. Individual grains (~300 to 500) within these thin 
sections were measured to produce mean, maximum, and minimum grain diameter values. The mean 
grain diameter was then used in equations to understand the paleohydraulics of thick Western Belt 
sandstones. 
Porosity and permeability measurements used herein were measured by Dmytro Lukhtai using a VinciTM 
steady state gas permeameter and porosimeter. Core plugs used for measurements are 2.5 cm (1 in) in 
diameter. 
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CHAPTER 4:  RESULTS AND DISCUSSION 
4.1 Facies Analysis 
This study incorporates detailed facies analysis of the entire Cypress Formation, with specific emphasis 
on the thick sandstones of the Western Belt. Facies analysis herein includes lithofacies and well log 
facies. To leverage the thousands of well logs through the Cypress Formation and understand three-
dimensional heterogeneity, lithofacies were calibrated to characteristic well log responses and then later 
mapped within a densely-drilled oil field, Dale Field, in Hamilton County. 
4.1.1 Lithofacies 
Twelve distinct lithofacies and two lithofacies modifiers were identified from outcrops and 70 cores. The 
aforementioned lithofacies and lithofacies modifiers of the Cypress Formation are below separated into 
three broad categories:  muddy and silty lithofacies, sandy lithofacies, and lithofacies modifiers. Muddy 
and silty lithofacies include mudstone (M), carbonaceous mudstone (MC), silty mudstone (MS), 
heterolithic lenticular bedding (HL), heterolithic wavy bedding (HW) and heterolithic flaser bedding (HF). 
Sandy lithofacies include massive sandstone (SM), ripple-bedded sandstone (SR), ripple-bedded sandstone 
with clay drapes (SRD), planar bedded sandstone (SP), unidirectional cross-bedded sandstone (SC) and 
conglomerate (C). Lithofacies modifiers include deformed bedding (XD) and pedogenic alteration (XP). A 
coaly lithofacies was not found in this study, despite several previous studies that report its existence 
(Table 4.1), commonly from well cuttings of a coaly horizon(s) coincident with paleosols in the upper 
half of the formation, most commonly above relatively thick basal sandstone reservoirs colloquially 
known as the “main Cypress.” 
Lithofacies identified in the present study and the associated depositional process interpretations are 
summarized in Table 4.2. Depending on lithofacies association and location in the Illinois Basin, these 
lithofacies can have different paleoenvironmental interpretations and are thus not diagnostic on their own.  
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Table 4.1. Summary table of coals noted within the upper half of the Cypress Formation.  
Description 
Stratigraphic 
position 
Data 
type 
Location in relation 
to “facies” map of 
Nelson et al. (2002)’ 
Location Author 
One foot coal 
seam  
Upper Cypress 
interval 
Coal 
reported 
on one 
well log 
Western Belt 
33-3N-8E, Clay 
County, Illinois 
Chapman (1953) 
Variegated 
red and green 
shale and 
coal 
fragments  
Multiple horizons 
in the Upper 
Cypress interval 
Drill 
Cuttings 
Western Belt – western 
border 
Washington 
County, Illinois 
Grube & Frankie (1999) 
Coal 
Upper Cypress 
interval - above 
thick Cypress 
Formation or 
nonexistent 
Sample 
Set 
Sandstone Lenses 
between Western Belt 
and West Baden Trend 
Southeastern 
Johnson County, 
Illinois 
Cole & Nelson (1995) 
Coal beds 
from a 
fraction of an 
inch to a few 
inches thick  
---- ---- ---- 
Throughout 
southern Illinois 
Potter (1962) 
Coal beds 
about 2 
inches (5 cm) 
thick  
Sporadically 
present in the 
upper Cypress 
Formation 
interval  
---- ---- 
Throughout 
southern Illinois 
Willman et al. (1975) 
Thin coal 
beds and 
underclays  
Several different 
levels in the 
upper Cypress 
Formation 
interval 
---- ---- ---- Swann (1963) 
Two thin 
coal beds a 
few cm thick 
Upper part of the 
Cypress 
---- Western Belt 
Clay, Richland, and 
Wayne counties 
regional, Illinois 
Workman (1940) 
Thin coal 
beds  
Sporadically 
present in the 
upper Cypress 
Formation 
interval 
---- ---- 
‘Throughout a wide 
belt surrounding the 
region of greatest 
thickness’ 
Swann & Atherton 
(1948) 
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4.1.1.1 Muddy and Silty Lithofacies 
Muddy and silty lithofacies rarely occur in outcrop in southern Illinois since they are normally heavily 
weathered and/or vegetated. As such, the following muddy and silty lithofacies descriptions and 
interpretations are derived primarily from cores. 
Mudstone (M):  Description 
Lithofacies M ranges from light to dark grey and is typically very fissile, planar laminated, and composed 
largely of swelling clays (mixed-layer illite?) (Figure 4.1). Slickensides, pyritization, siderite, and 
bioturbation are common. Pyrite is often disseminated, in the form of framboids, concentrated in burrows, 
or replacing carbonaceous fragments. Siderite, when present, occurs as ‘streaks’ or well-defined ovular 
nodules. Lithofacies M may or may not be calcareous, contain low silt concentrations, few carbonaceous 
fragments, fenestrate bryozoans, brachiopods, gastropods, or crinoids.  
    
Figure 4.1. Examples of lithofacies M.  From left to right: (A) swelling clays, siderite, and flat silt lenses (1429’, 
121013125400), (B) (1296’, 121012892800). 
A 
B 
Siderite streak 
Flat silty lense 
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Mudstone (M):  Interpretation 
Lithofacies M formed in a low energy, subaqueous environment where sedimentation was dominated by 
the fall-out of suspended clay. The common association of pyrite, siderite nodules, burrows, and marine 
fossils in lithofacies M suggest deposition in a dominantly marine or brackish environment. However, in 
cases where lithofacies M lacks marine fossils, albeit less commonly, terrestrial environments such as 
overbank or floodplain environments are interpreted. 
Carbonaceous Mudstone (MC):  Description 
Lithofacies MC is commonly observed above thick Western Belt sandstones and above basal “main 
Cypress” in “sandstone lenses” provinces outside of the Western Belt. Lithofacies MC ranges from light 
grey to dark grey (low-chroma colors may be present) and is typically very fissile, thinly bedded, and 
composed of swelling clays. Lithofacies MC is very similar to lithofacies M, although it contains abundant 
carbonaceous material, no marine fossils, and burrows are less common. Also, unlike lithofacies M, 
lithofacies MC can contain blocky bedding or exhibit low-chroma coloration. Like lithofacies M, 
lithofacies MC may contain low silt concentrations. Plant fossils found in lithofacies MC include stigmaria, 
stigmaria rootlets, Lepidodendrid branches, ferns (Pecopterid/Marattialean?), and Calamitaleans (Figure 
4.2). 
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Figure 4.2. Plant fossils in lithofacies MC from the core of 121812190900. A.) Lepidodendrid at 16.9 m showing leaf 
cushions with a high degree of wrinkling which is characteristic of Bergeria. B.) Pecopterid/Marattialean tree fern at 
16.7 m. C.) Leafy Lepidodendrid branch (possibly from the Bergeria group of Lycopsids) from the outer crown or 
the outer portion of a deciduous lateral branch system at 16.8 m. D.) Calamitalean stem at 16.9 m (William 
DiMichele and Scott Elrick personal communication, 2017). 
Carbonaceous Mudstone (MC):  Interpretation 
Lithofacies MC formed in a low energy, subaqueous environment where sedimentation was dominated by 
the fallout of suspended clay. The environmental origin of lithofacies MC is variable, with environments 
of deposition ranging from terrestrial to marine being possible depending on stratigraphic context. 
A B 
C D 
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Carbonaceous material in lithofacies MC may be autochthonous or allochthonous. In some instances, such 
as in the Tripp-1 core (121812190900) (Figure 3.2) above thick Western Belt sandstone, subtle evidence 
of in-situ Lepidodendron rootlets exist within a lithofacies MC that is blocky and the lacking horizontal 
bedding characteristic of plant fragments, clays, and silts falling out of suspension. Instead, rootlets are 
oriented in random fashion (horizontal and sub-vertical), suggesting an in-situ, rooted origin. In such 
cases, a brackish (e.g. interdistributary bay) or terrestrial environment (e.g. floodplain) is favored for 
lithofacies MC. 
However, elsewhere lithofacies MC lacks evidence of rooting and abundant carbonaceous material is 
deposited along horizontal bedding planes. In these instances, an ex-situ origin is favored for 
carbonaceous material in lithofacies MC. Allochthonous carbonaceous material may have settled out from 
suspension in a terrestrial (e.g. floodplain), brackish environment (interdistributary bay), or marine (e.g. 
delta front) environment. 
Silty Mudstone (MS):  Description 
Lithofacies MS is light gray and typically consists of a homogeneous matrix of silt and mud that is 
commonly planar bedded or massive (Figure 4.3). Lithofacies MS may contain some carbonaceous debris, 
bioturbation, silty interbeds and/or interlaminations, fenestrate bryozoans, brachiopods, gastropods, 
crinoids, carbonaceous fragments, pyrite, iron-oxide, siderite, or calcite cement. 
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Figure 4.3. Examples of lithofacies MS.  (A) Bioturbation and siderite (1319’, 121010669700), (B) (1512’, 
121010717500). 
Silty Mudstone (MS):  Interpretation 
Lithofacies MS is very similar to lithofacies M and formed in a low energy, subaqueous environment 
dominated by the deposition of silt and clay from suspension. The common association of marine fossils, 
bioturbation, pyrite, and siderite suggest a marine to brackish origin for lithofacies MS. Carbonaceous 
debris, when present, represents allochthonous plant fragments. 
 
A 
B 
Bioturbation 
Siderite streak 
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Heterolithic Lenticular Bedding (HL):  Description 
Lithofacies HL is heterolithic and commonly contains 1-4 cm long, whitish-grey isolated silty lenses 
encased in a light to dark grey mud or silty mud matrix. These lenses can range from thick (1 cm) to thin 
and flat (2 mm) (Figure 4.4). Thicker silty lenses may contain ripples with clay laminae often defining 
foresets (Figure 4.4; B); ripples may exhibit bidirectionality. Lithofacies HL is commonly bioturbated (up 
to 100%) (Figure 4.4; A), with both horizontal (e.g. Planolites) and vertical (e.g. Skolithos) burrows being 
present. Connected silty lenses, fenestrate bryozoans, brachiopods, gastropods, crinoids, carbonaceous 
fragments, pyrite, iron-oxide, siderite, or calcite cement may also be present. 
           
Figure 4.4. Examples of lithofacies HL.  From left to right: (A) bioturbated (1342’, 121012910400), (B) rippled 
(1477’, 121013125200), (C) flat silty lenses (1577’, 121010669700). 
 
 
A 
B 
C 
Bioturbation 
Flat silty lense 
Ripple 
Ripple 
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Heterolithic Lenticular Bedding (HL):  Interpretation 
Lithofacies HL formed in a relatively low energy subaqueous environment where the deposition of 
suspended clays dominated over higher energy traction currents or tides entraining isolated ‘patches’ of 
silt. These currents or tides, either unidirectional or bidirectional, depositing silt alternated with slack 
water conditions. Thus, the depositional environments of lithofacies HL are areas where regular changes 
took place between higher energy flows and slack water, but slack water conditions dominated (Reineck 
& Singh, 1980). As such, a subtidal environment in which current influence was minimal is preferred for 
lithofacies HL. The common association of marine fossils, pyrite, and siderite also suggest a marine to 
brackish water origin for lithofacies HL. In cases where marine fossils, pyrite, and siderite features are 
absent, a terrestrial origin – such as overbank or floodplain deposits – is plausible. Carbonaceous debris, 
when present, represents allochthonous plant fragments. 
Heterolithic Wavy Bedding (HW):  Description 
Lithofacies HW is heterolithic and characterized by whitish-grey silt to very fine sand interbedded in 
roughly equal proportion with grey clay laminae that are most commonly wavy but can be planar (Figure 
4.5). Clay laminae can be rhythmic (Figure 4.5 A and C). As in lithofacies HL, lithofacies HW commonly 
contains ripples within silty interlaminations that are commonly defined by clay laminations on foresets 
(Figure 4.5: C). Ripples within lithofacies HW commonly exhibit short-period bidirectionality and are 
regularly associated with reactivation surfaces. No evidence of symmetric ripples was observed. Ripples 
can also be sigmoidal, but no evidence of symmetric ripples were observed in this study. Like lithofacies 
HL, lithofacies HW can also be highly bioturbated (up to 100%), with bioturbation often being 
concentrated in shaley laminations (Figure 4.5; A and B). Calcite cement, shaley-tabular rip up clasts, 
carbonaceous debris, pyrite, and rare marine fossils may also be present.  
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Figure 4.5. Examples of lithofacies HW.  From left to right: (A) bioturbated shaley laminations (1461’, 
121013125200), (B) bioturbated (1325’, 121012892900), (C) internal bidirectional current ripples (1501’, 
121010719300), (D) 1396’, inclined planar-wavy laminations (121013125300). 
Heterolithic Wavy Bedding (HW):  Interpretation 
Lithofacies HW formed in a subaqueous environment of slightly higher energy than lithofacies HL. The 
environment of deposition was characterized by the relatively periodic alternation of slack water clay 
deposition and higher energy silt and sand deposition in equal proportion. Subtidal and intertidal 
environments (e.g. tidal flat, tidal bar, or salt marsh), characterized by such periodic alternations in 
depositional energy and current direction (Reineck & Singh, 1980), are thus favored for Lithofacies HW. 
No evidence of wave ripples was observed, and the dominance of bidirectional ripples within lithofacies 
HW further suggests a tidal origin. The association of marine fossils, pyrite, and intense bioturbation 
strengthen the case for a marine to brackish water origin for lithofacies HW. Just below the Cypress 
Formation within the Ridenhower/ Paint Creek Formation, lithofacies HW exists in close association with 
heavily abraded limestone (Figure 4.6), which also lends credence to an intertidal to subtidal origin for 
lithofacies HW. 
A 
B 
C 
D 
Bioturbation 
Bidirectionality 
Rhythmic laminations 
Rhythmic laminations 
Bioturbation 
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Figure 4.6. Example of fossiliferous lithofacies HW (222.6-231.8’ 121812190900) existing in close association with 
heavily abraded limestone of the Paint Creek Formation which exists immediately below the Cypress Formation. 
 
Fossiliferous lithofacies HW 
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However, like lithofacies HW, a terrestrial origin such as overbank or floodplain may be plausible when 
poorly developed and evidence of distinct wavy lamination, bidirectional currents, marine fossils, intense 
bioturbation, or pyrite are absent. Overbank and floodplain environments can produce quasiperiodic 
fluctuations in depositional energy which preserve bedding similar in style to wavy bedding of intertidal 
origin. 
Heterolithic Flaser Bedding (HF):  Description 
Lithofacies HF is dominantly comprised of shaley flasers (up to 3 mm thick) embedded within a whitish-
grey silt to very fine-grained sandstone matrix (Figure 4.7). Silt and sandstone of lithofacies HF 
commonly contains bidirectional ripples with clay laminae defining foresets. Lithofacies HF may contain 
bioturbation (up to 40%), calcite cement, pyrite, asymmetrical ripples, and shaley-tabular rip-up clasts. 
 
Figure 4.7. Examples of lithofacies HF.  (A) (1338’, 121012910400), (B) (1410’, 121013191300), (C) (1425’, 
121012910500), (D) (1358’, 121012911200). 
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Heterolithic Flaser Bedding (HF):  Interpretation 
Lithofacies HF is interpreted to have formed in a subaqueous environment of slightly higher energy than 
lithofacies HW. The depositional environment was characterized by silt and sand deposition that 
dominated over the relatively periodic alternation of slack water clay deposition. Subtidal and intertidal 
environments, characterized by such periodic alternations in depositional energy and current direction 
(Reineck and Singh, 1980), are thus favored for Lithofacies HF. The association of abundant reactivation 
surfaces, bidirectionality, pyrite, bioturbation, and mud drapes suggest a marine to brackish water origin 
for lithofacies HF. However, like lithofacies HW, a terrestrial origin such overbank or floodplain may be 
plausible when obvious evidence of reactivation surfaces, bidirectional currents, or shaley flasers are 
lacking. 
4.1.1.2 Sandy Lithofacies 
Unlike muddy and silty lithofacies of the Cypress Formation, sandy lithofacies occur regularly in outcrop 
in southern Illinois because they are resistant to weathering and vegetation. As such, the following sandy 
lithofacies descriptions and interpretations are derived from both outcrop and core within the Western 
Belt. 
The characteristic grain size, 𝐷, of sandy lithofacies, specifically lithofacies SM, SR, SRD, SP, and SC from 
thick sandstones within the Western Belt, was determined through 18 petrographic grain measurements 
from three relatively complete cored sections through thick Western Belt sandstones (121812190900, 
120650139400, 121592608300); five to six thin sections from each core were also assessed (Figure 4.8).  
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Figure 4.8. Example of grain diameter measurements derived from thin section. The thin section shown is from 
Tripp-1 (121812190900), 54.7 m (179.6 ft) and under plane polarized light. Shown are 351 counts which produced a 
mean grain diameter of 98 𝜇𝑚, a maximum grain diameter of 247 𝜇𝑚, and a minimum grain diameter of 34 𝜇𝑚. 
Scale bar is 200 𝜇𝑚. 
The mass median grain diameter (𝐷50) is considered to be representative of the characteristic grain 
diameter (𝐷) of thick Western Belt sandstones. All grain measurements include quartz overgrowths (~10-
20 𝜇𝑚 thick), so the 𝐷50 herein represents a slight overestimation of the characteristic original grain 
diameter of thick Western Belt Sandstones. Quartz overgrowths are known to be common in sandstones 
of the Cypress Formation (Pitman et al., 1998). 𝐷50, including quartz overgrowths, for thick Western Belt 
sandstones is ~132 𝜇𝑚 or lower fine-grained. Considering quartz overgrowths range from 10-20 𝜇𝑚 
thick, a liberal estimate for 𝐷50 of thick Western Belt sandstones is between roughly 112 and 122 𝜇𝑚 or 
upper very fine-grained sand. Average grain diameter measurements used to determine 𝐷50 for thick 
Western Belt sandstones are summarized in Table 4.3 along with the associated lithofacies. 
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Table 4.3. Average grain diameter measurements and associated lithofacies from three relatively complete cores 
(121812190900, 120650139400, and 121592608300) through thick Western Belt sandstones. 
121812190900 120650139400 121592608300 
Depth 
(m) 
Lithofacies 
Ave. 
Diameter 
(𝜇𝑚) 
Depth 
(m) 
Lithofacies 
Ave. 
Diameter 
(𝜇𝑚) 
Depth 
(m) 
Lithofacies 
Ave. 
Diameter 
(𝜇𝑚) 
27.5 SR 134 902.3 SP 71 787.5 SR 81 
34 SD 138 907.9 SP 165 789.3 SR 107 
41.5 SP 160 914.3 SC 147 790.8 SR 74 
46 SC 188 921.1 SC 176 792 SC 112 
49.5 SD 155 923.5 SP 142 793.8 SC 169 
54.7 SC 98 929 SR 100 795.7 SC 159 
 
Massive Sandstone (SM):  Description 
Lithofacies SM consists of whitish-grey to brown, very fine to fine-grained quartz arenite to sublitharenite 
that is structureless (i.e. massive) (Figure 4.9). In some instance, subtle evidence of distorted bedding may 
be present (Figure 4.9 B). Lithofacies SM may contain oil staining, calcite cement, and very small (<1 cm 
long) tabular shale rip up clasts, with microscopic crinoid fragments and iron-oxide mottling being less 
common.  
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Figure 4.9. Examples of lithofacies SM.  From left to right: (A) (3054’, 1206501394), (B) (1548’, 120512572400), 
(C) (1512’, 120512572400). 
Massive Sandstone (SM):  Interpretation 
Lithofacies SM was deposited in a subaqueous environment and subsequently underwent soft-sediment 
deformation, rendering the sandstone distorted. Such distorted sandstone lithofacies are often considered 
to be representative of rapid deposition which produces instability, elevated pore pressures, and 
subsequent deformation (van Loon, 2009; Smith et al., 2016). However, in some instances lithofacies SM 
may contain planar bedding with extremely low detrital clay volumes (near 0%) which causes bedding to 
be indistinguishable in outcrop and core. 
A 
B 
C 
Distorted bedding? 
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Ripple-bedded Sandstone (SR):  Description 
Lithofacies SR consists of whitish-tan, very fine to fine-grained, asymmetric ripple-bedded arenite to 
sublitharenite with relatively low detrital clay volume (Figure 4.10). Within thick Western Belt 
sandstones, asymmetric current ripples are most common in lithofacies SR. Lithofacies SR is observed to 
commonly increase in frequency upwards within thick Western Belt Sandstones. Overlying thick western 
Belt sandstones and outside of the Western Belt (e.g. “sandstone lenses” province along the Illinois-
Indiana border), bidirectional ripples become more common within lithofacies SR. Both asymmetrical 
current ripples (most common) and bidirectional ripples (least common; Figure 4.10 D) within lithofacies 
SR may be poorly developed (Figure 4.10 B) or contain slightly climbing ripples. Oil staining, iron-oxide 
mottles (Figure 4.10 C) calcite cement, sigmoidal foresets, and very small (<1 cm long) tabular shale rip-
up clasts may also be present. The characteristic grain diameter of lithofacies SR, as determined from hand 
lense inspection and verified by petrographic grain measurements (Table 4.3), is estimated to be ~100 𝜇𝑚 
or upper very fine-grained. 
Ripple-bedded Sandstone (SR):  Interpretation 
Lithofacies SR formed in a subaqueous environment within the lower flow-regime where traction 
transport dominated. Lithofacies SR within thick Western belt sandstones, containing dominantly 
asymmetrical current ripples with low volumes of detrital clay, were deposited primarily in a fluvial 
environment in which unidirectional, low energy flows persisted.  
When present above thick Western Belt Sandstones or within ‘sandstone lenses’ outside of the Western 
Belt, lithofacies SR commonly contains bidirectional ripples that reflect an environment under the 
influence of bidirectional flows. When this occurs, lithofacies SR is interpreted to be of intertidal origin. 
However, as with lithofacies HW and HF, a poorly developed lithofacies SR that exhibits subtle 
bidirectionality may be of terrestrial origin (e.g. overbank or floodplain deposits), especially immediately 
above thick Western Belt Sandstones. 
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Figure 4.10. Examples of lithofacies SR. From left to right: (A) (2841’, 120650135600), (B) poorly developed 
asymmetric ripples (97’, 121812190900), (C) oil stained and iron oxide (2892’, 121592608300), (D) oil stained 
bidirectional ripples? (1551’, 120512582900). 
Ripple-bedded Sandstone with Clay Drapes (SRD):  Description 
Lithofacies SRD consists of whitish-tan, very fine to fine-grained, bidirectional ripple-bedded arenite to 
sublitharenite with higher detrital clay volume than lithofacies SR. Unlike lithofacies SR, lithofacies SRD 
exists primarily above thick Western Belt Sandstones and within “sandstone lense” provinces outside of 
the Western Belt. Bidirectionality (Figure 4.11 A, C, and D), reactivation surfaces, and clay drapes (<1 
mm thick) are regularly associated with lithofacies SRD (Figure 4.11).  Pyrite and bioturbation (up to 15%) 
are more common in lithofacies SRD than lithofacies SR. As in lithofacies SR, oil staining, calcite cement, 
climbing ripples, sigmoidal ripples, and very small (<1 cm long) tabular shale rip-up clasts may be 
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Poorly developed  
asymmetric ripples 
Bidirectional ripples? 
Iron-oxide mottles 
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present. The characteristic grain diameter of lithofacies SRD, as determined primarily from hand lense 
inspection and comparison with lithofacies SR, is estimated to be ~100 𝜇𝑚. 
 
Figure 4.11. Examples of oil-stained lithofacies SRD all from outside of the Western Belt.  From left to right: (A) 
Bidirectional ripples (1418’, 121013178800), (B) (1419’, 12101312510), (C) Bidirectional ripples (1289’, 
121012762300), (D) Bidirecitonal ripples (1566’, 121010669700). 
Ripple-bedded Sandstone with Clay Drapes (SRD):  Interpretation 
Lithofacies SRD formed in a subaqueous environment within the lower flow-regime where short period 
bidirectional traction currents dominated. The abundance of clay drapes defining ripple foresets within 
lithofacies SRD is interpreted to be the product of a low energy environment with elevated concentrations 
of clay in suspension. The association of bidirectional ripples, reactivation surfaces, abundant clay drapes, 
and bioturbation suggest that lithofacies SRD, existing primarily in the shaley interval above thick Western 
Belt sandstones and within ‘sandstone lenses’ outside of the Western Belt, represents the deposits of an 
intertidal environment. 
Planar-bedded Sandstone (SP):  Description 
Lithofacies SP consists of whitish-tan to brown, very fine to fine-grained, planar bedded arenite to 
sublitharenite (Figure 4.12). Oil staining, shaley-carbonaceous laminations, carbonaceous material, and 
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small (<3 cm long) tabular shale rip-up clasts may also be present. In many cases, lithofacies SP is very 
low angle (<5º) or vertically transitions to, or from, higher angle (5-20°) foresets. The characteristic grain 
diameter of lithofacies SP, as determined from hand lense inspection and verified by petrographic grain 
measurements (Table 4.3), is estimated to be ~135 𝜇𝑚 or 115 to 125 𝜇𝑚 if quartz overgrowth thickness is 
subtracted. 
               
Figure 4.12. Examples of lithofacies SP.  From left to right: (A) (2956’, 120650139200), (B) (2959’, 1206501394), 
(C) low angle (1543’, 120512572400). 
Planar-bedded Sandstone (SP):  Interpretation 
Lithofacies SP was deposited in a subaqueous fluvial environment where unidirectional traction currents 
persisted. Considering the small characteristic grain diameter of lithofacies SP, all true planar bedding 
within thick sandstones of the Western Belt and the rest of the Cypress Formation is interpreted to 
represent upper-stage plane beds deposited within the upper flow regime (Figure 4.13). In cases where 
A 
B 
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lithofacies SP is very low angle, or is transitional to or from higher angle bedding, it is interpreted to 
represent toesets or topsets of low-angle dunes. 
 
Figure 4.13. Bedform stability diagram, modified from Harms et al. (1982), highlighting the ‘window’ (shaded blue) 
in which unidirectional bedforms of the Cypress Formation existed. The upper grain size limit of the blue shaded 
region is defined by 𝐷50 of the coarsest grain sandstones in the Cypress Formation, which are manifested as two 
thick sandstone trends, the Western Belt and the West Baden Trend. Petrographic grain size analysis reveals that 𝐷50 
for thick Western Belt sandstones is 112 to 132 𝜇𝑚. Thus, all true planar bedding (lithofacies SP) within the Cypress 
Formation represents upper-stage plane beds since the characteristic grain diameter is less than 200 𝜇𝑚. Simple 
cross-beds (lithofacies SC1) and low amplitude-long wavelength cross-beds (lithofacies SC2) within the Western Belt 
fall within the dashed orange box, a ‘zone’ in which the bedform stability diagram lacks data [Figure 5.74 D in 
Bridge and Demicco (2008)]. The dune stability field likely expands further leftward (red arrow) into this ‘zone’. 
Cross-Bedded Sandstone (Sc):  Description 
Lithofacies SC in the Cypress Formation is most pervasive and best developed in the Western Belt and 
West Baden Trend, with its occurrence being much rarer and size (i.e. cross-set thickness and 
wavelength) being commonly smaller outside of these two thick sandstone trends. In outcrop, two 
variations of lithofacies SC were observed within the Western Belt: i) simple cross-beds (SC1) and ii) low 
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amplitude-long wavelength cross-beds (SC2). In core, these variations in lithofacies SC cannot be 
differentiated. Examples of lithofacies SC in core are shown in Figure 4.14. 
  
Figure 4.14. Examples of lithofacies SC all form thick Western Belt sandstone. From left to right: (A) non-oil stained 
(2891’, 120650139200), (B) oil-stained (2594’, 121592606400), (C) shale rip-up clasts on foresets (138’, 
121812190900), (D) very slightly calcite cemented (3003’, 1206501394). 
SC1: 
Lithofacies SC1, here considered to be simple cross-beds of the Western Belt, exists on a 
mesoform scale (i.e. roughly the scale of a simple dune). Cross-sets of lithofacies SC1 are 
relatively small, with the average thickness being 0.27 m and the typical foreset length being 
<1.5 m. Foresets are commonly low-angle (<15°) and their morphology is often convex-up or 
sigmoidal with tangential toesets (Figures 4.15 and 4.17). Lithofacies SC1 is very fine to fine-
D C 
B 
A 
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grained (𝐷 = 150 𝜇𝑚 or 130-140 𝜇𝑚 with quartz overgrowths subtracted; Table 4.3), with 
unidirectional foresets that consistently dip west-southwestward (Figures 4.15 and 4.16; Figure 
2.26). Bounding surfaces of lithofacies SC1 are most commonly 2-D planar to wedge-planar but 
can also be 3-D. In some cases, wedge-planar cross-beds of the Cypress Formation may resemble 
low-angle troughs, although none of these troughs were observed to possess foresets parallel to 
the lower bounding surface. No evidence of herringbone cross-strata, periodic or thick (over 1 
mm thick) clay drapes, reactivation surfaces, or tidal bundles were observed within lithofacies 
SC1. Lithofacies SC1 is often superimposed on master surfaces (i.e. large-scale lateral accretion 
surfaces or foresets) of lithofacies SC2 (Figures 4.16 and 4.17). 
 
Figure 4.15. Outcrop from Cypress Creek showing the stratigraphic context and morphologies of lithofacies SC1. 
 
 
Figure 4.16. Outcrop from Cypress Creek showing the relationship between lithofacies SC1 and SC2. Lithofacies SC1 
is superimposed on lithofacies SC2, where bounding surfaces of lithofacies SC1 (i.e. master surfaces of lithofacies 
SC2) dip gently (<10°) west-southwestward. Bounding surfaces of lithofacies SC1 (i.e. master surfaces of lithofacies 
SC2) are here seen to truncate at larger-scale bounding surfaces on the macroform scale (i.e. roughly the scale of a 
bar). 
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SC2: 
Cross-beds in the thick Western Belt sandstones also exist commonly as lithofacies SC2, low 
amplitude (<3 meters) and long wavelength (10s of meters) bedforms (Figure 4.17) that exist on 
the macroform scale (i.e roughly the scale of a bar). Foresets of lithofacies SC2 are commonly 
very low angle (<10°), aggradational, and long (10s of meters) (Figure 4.17). In core, lithofacies 
SC2 resembles low-angle planar bedding or lithofacies SP. Lithofacies SC1 may also be 
superimposed on higher angle (>10°) bar-scale accretion surfaces [Figure 4.18; similar examples 
observed also by Seyler (1982) and Cole & Nelson (1995)]. Foresets of lithofacies SC1 
consistently dip in the roughly the same direction (southwestward) as master surfaces of 
lithofacies SC2 (Figure 4.17), which are equivalent to the bounding surfaces of lithofacies SC1. 
 
 
Figure 4.17. Outcrops from Cypress Creek showing the stratigraphic context of lithofacies SC2. A) Example of non-
superimposed lithofacies SC2 in the bottom half of the image where bounding surfaces and foresets of lithofacies SC2 
downlap to the southwest. In the upper half of the image, lithofacies SC1 becomes compounded on lithofacies SC2. B) 
Example of lithofacies SC1 compounded on lithofacies SC2, with master surfaces of lithofacies SC2 downlapping to 
the west. 
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Figure 4.18. Outcrop from Cypress Creek showing bar-scale lateral accretion surfaces with lithofacies SC1 
superimposed, bar reactivation surface, bounding surface, and erosional surface. 
Cross-Bedded Sandstone (SC):  Interpretation 
SC1: 
Lithofacies SC1 was deposited by unidirectional traction currents and represents the depositional 
product of fluvial dunes with relatively high aspect ratios (height/length). The average cross-set 
thickness (𝑆𝑚) of lithofacies SC1 is 0.27 m, and the average calculated dune height (𝜂𝑚) is 0.77 m 
(for methodology, see the next section). Common low-angle sigmoidal and convex-up foresets, in 
combination with asymptotic toesets in lithofacies SC1 (Figures 4.15 and 4.17), are here 
considered to be products of flow conditions with a high suspended load to bedload transport 
ratio. In ancient fine-grained fluvial cross-sets similar to those of the thick Western Belt 
sandstones, Røe (1987) considered the abundance of low-angle foresets (maximum between 10-
20°), sigmoidal foresets, convex-up foresets, and asymptotic toesets to be products of high 
suspended load to bedload transport ratios. Røe (1987), Saunderson & Lockett (1983)  and Bridge 
& Best (1988) suggested that such cross-set morphologies are characteristic of flows in the 
transition from dune to upper-stage plane-bed. A schematic diagram explaining the context and 
evolution of the aforementioned characteristic simple cross-set morphologies is shown in Figure 
4.19.  
Bounding Surface 
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Lithofacies SC1 
  
73 
 
 
Figure 4.19. Schematic diagram summarizing different aspects and cross-sets morphologies in the ripple/dune to 
upper stage plane bed transition (Chakraborty & Bose, 1992). 
SC2: 
Lithofacies SC2 was deposited by unidirectional traction currents and represents the depositional 
product of large, low amplitude-long wavelength fluvial dunes with low aspect ratios relative to 
lithofacies SC1. The absence of herringbone cross-strata, reactivation surfaces, periodic or thick 
clay drapes (over 1 mm thick), and ‘bundles’ preclude a tidal origin for lithofacies SC1 and SC2. 
Therefore, a fluvial origin is favored for both lithofacies SC1 and SC2. Past paleocurrent 
measurements (Figure 2.26; Potter et al., 1958) and observed outcrops in the present study 
support a dominant transport direction to the southwest for all cross-bedded facies in the Cypress 
Formation, including thick sandstones of the Western Belt. 
Both lithofacies SC1 and SC2 are restricted to a narrow ‘window’ on the bedform phase stability diagram 
(Figure 4.13; highlighted blue) due to their small characteristic grain diameter (130-150 𝜇𝑚). This 
diagram shows that the dune stability field pinches out somewhere around 150 𝜇𝑚, although dune-forms 
are known to exist in rivers with mean grain sizes less than this (e.g. Bermejo River, Sambrook Smith et 
al., 2016; Yellow River, China; Ma et al., 2017). Similarly, dunes of the thick Western Belt sandstones 
(lithofacies SC1 and SC2) had mean grain sizes less than 150 𝜇𝑚. Thus, the dune stability field likely 
continues, albeit within a narower range of bed shear stresses, further to the left on the phase diagram 
(Figure 4.13; red arrow) and into the dashed orange box seen in Figure 4.13. Further research is necessary 
to understand the true stability field boundaries within this dashed orange box that currently lacks data 
points (Bridge and Demicco, 2008; see figure 5.74 D). Lithofacies SC1 and SC2 of the thick Western Belt 
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sandstones must fall within this dashed orange box. As such, all low angle (~2-10°) bedding observed in 
core (presumably lithofacies SC2) and outcrop of thick Western Belt sandstones are hereafter considered 
to be the depositional products of a fluvial flow regime at lower bed shear stresses than upper-stage plane 
beds but higher than current ripples. 
Lithofacies SC1 when superimposed on lithofacies SC2 is herein considered to represent the depositional 
product of high aspect ratio (height/length) dunes superimposed on relatively low aspect ratio dunes. In 
other cases, SC1 can be superimposed on lateral accretion surfaces with angles greater than 10°. Where 
this occurs, lithofacies SC1 is interpreted to be superimposed on lateral accretion surfaces of longitudinal 
bars. In these cases, bar-scale reactivation surfaces may be present (Figure 4.18), which are most likely 
the result of increases in flow strength due to flow unsteadiness (c.f. Reesink and Bridge, 2011). 
Cross-Set Thickness and Dune Height 
Cross-set thickness measurements from lithofacies SC1 were used to estimate the height of fluvial dunes 
within the Western Belt; these calculations assume cross-sets of lithofacies SC1 scaled ideally to flow depth. 
Since cross-set thickness measurements of lithofacies SC2 are more difficult to obtain (scale is usually larger 
than typical Cypress outcrop-scale), rarer, and no scaling-relationship yet exists for such low aspect ratio 
bedforms, lithofacies SC2 was not used to estimate dune height. Data collected from lithofacies SC1 was used 
with Equation 4.1 (c.f. Leclair & Bridge, 2001; LeClair, 2011; Smith et al., 2013) to calculate dune 
height, 𝜂, from cross-set thickness, 𝑆: 
𝜂 = 2.9𝑆       (𝐸𝑞. 4.1) 𝑑𝑢𝑛𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 
     
where 
 
𝑆 = cross-set thickness (m) 
𝜂 = dune height (m) 
 
In addition, the following terms are used in the analysis below: 
𝑆𝑚 = mean cross-set thickness (m) 
𝜂𝑚 = mean dune height (m) 
𝑆𝑚𝑎𝑥 = maximum cross-set thickness (m) 
𝜂𝑚𝑎𝑥 = maximum dune height (m) 
Cross-set thickness measurements from lithofacies SC1 were grouped into four scenarios (𝑆1, 𝑆2, 𝑆3 and 
𝑆4) which are categorized based on past authors who have investigated these sediments, areas of 
investigation, and cross-set type (compound or non-compound): 
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𝑆1 
𝑆1 includes compound and non-compound cross-set thicknesses from the Western Belt. All measurements  
are from outcrop (this study and Potter et al., 1958) and the new Tripp-1 (121812190900) core 3.5 km away  
from Cypress Creek outcrops (this study).  
Table 4.4. 𝑆1. 
N 155 
𝑆𝑚 0.28 m 
𝑆𝑚𝑎𝑥 0.86 m 
𝑆2 
𝑆2 incorporates compound cross-set thicknesses from the Western Belt, including all measurements from 
Potter et al. (1958) and thickness measurements of cross-sets in a compound setting (this study). All 
measurements are from outcrop (this study and Potter et al., 1958) and the Tripp-1 (121812190900) core 
(this study). 
Table 4.5. 𝑆2. 
N 35 
𝑆𝑚 0.2 m 
𝑆𝑚𝑎𝑥 0.25 m 
𝑆3 
𝑆3 incorporates non-compound cross-set thicknesses from the Western Belt, including measurements  
from Potter et al. (1958) and thickness measurements of cross-sets in a non-compound setting (this study).  
All measurements are from outcrop (this study and Potter et al., 1958) and the Tripp-1 (121812190900)  
core (this study). 
Table 4.6. 𝑆3. 
N 138 
𝑆𝑚 0.3 m 
𝑆𝑚𝑎𝑥 0.86 m 
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𝑆4 
𝑆4 incorporates non-compound cross-set thickness measurements from the entire Cypress domain (i.e.  
Western Belt and all other areas), including measurements from Potter et al. (1958) and thickness  
measurements in a non-compound setting (this study). All measurements are from outcrop (this study and  
Potter et al., 1958) and the Tripp-1 (121812190900) core (this study). 
Table 4.7. 𝑆4. 
N 171 
𝑆𝑚 0.29 m 
𝑆𝑚𝑎𝑥 1.3 m 
Using Equation 4.1, 𝑆1, 𝑆2, 𝑆3, and 𝑆4  yield four corresponding scenarios for dune height, 𝜂1, 𝜂2, 𝜂3, and 
𝜂4: 
Table 4.8. Summary table for four dune height scenarios. 
𝜂1 𝜂2 𝜂3 𝜂4 
N 155 N 35 N 138 N 171 
𝜂𝑚 0.81 m 𝜂𝑚 0.58 m 𝜂𝑚 0.86 m 𝜂𝑚 0.85 m 
𝜂𝑚𝑎𝑥 2.5 m 𝜂𝑚𝑎𝑥 0.73 m 𝜂𝑚𝑎𝑥 2.5 m 𝜂𝑚𝑎𝑥 3.76 m 
Results of all four scenarios of cross-set thickness and resultant dune height are summarized in Figure 
4.20. Across all four scenarios, 𝑆𝑚 averages around 0.27 m and 𝜂𝑚 around 0.77 m for lithofacies SC1. For 
comparison, 𝑆𝑚 in a point bar of the Mississippi River averages between 0.34 and 0.42 m, with 0.42 
being the mean for lower half of the point bar and 0.34 being the mean for the upper half of the point bar 
(Leclair & Bridge, 2001). The largest cross-set observed in this study (0.86 m) was within the Western 
Belt, although a much larger cross-set, an outlier visible in 𝑆4 of Figure 4.20, was documented by Potter 
et al. (1958) outside of the Western Belt.  
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Figure 4.20. Cross-set thickness and resultant dune height estimates in the Cypress Formation for four scenarios. 
Conglomerate (C): Description 
Lithofacies C is commonly sharp-based, conglomeratic, and poorly sorted, being dominantly matrix 
supported with a wide range of clast lithologies and sizes. The matrix is typically a fine-grained 
sublitharenite and may be calcite cemented (Figure 4.21 A and C). Calcareous cement, when present, is 
always in association with fossils. Clasts most common in lithofacies C are tabular clay rip-up clasts (1 
mm - 6 cm thick), carbonaceous debris (1 mm-8 cm long), rounded carbonate pebbles (Figure 4.21 B) that 
may be septarian (<4 cm diameter), rounded siderite pebbles (<4cm diameter) that may be septarian, 
crinoids, brachiopods, gastropods, and fenestrate bryozoans (Figure 4.21 A and C). In many cases, 
lithofacies C is not truly conglomeratic but contains abundant clay rip-up clasts embedded within a fine-
grained sandy matrix. Clasts of lithofacies C are commonly oriented in a chaotic fashion but may also be 
imbricated along foresets of lithofacies SC1 or SC2. 
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Figure 4.21. Examples of lithofacies C from left to right: (A) calcareous fossiliferous lag from within thick Western 
Belt Sandstone (2925’, 120650139200), (B) shale rip-up clast and rounded septarian nodule lag from within thick 
Western Belt Sandstone (3026’, 1206501394), (C) calcareous cemented fossiliferous lag outside of the Western Belt 
(1569’, 120512569900), (D) shale rip-up clast lag at the base of thick Western Belt sandstone (186’, 
121812190900). 
Conglomerate (C):  Interpretation 
Within thick Western Belt sandstones, lithofacies C is interpreted to represent channel lags produced by 
high energy, unidirectional traction currents. Where marine fossils are incorporated in lags, they are 
commonly heavily abraded and/or disarticulated and interpreted to be extraformational, such as from the 
underlying marine Reelsville Limestone or Ridenhower Formation. The occurrence of such marine fossils 
A 
B 
D 
C 
Septerian nodule 
Fossiliferous lag 
Shale rip-up clast lag 
Fossiliferous lag 
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can be found in Rural Hill Flood 5-S (120650139200) at the base of a channel deposit (Figure 4.21 A). 
Lithofacies C is also considered a channel lag when it is poorly developed (only contains shale rip-up 
chips) and associated with an abrupt but subtle (often very fine upper to fine lower) increase in grain size. 
Above thick Western Belt sandstones and in “sandstone lenses” provinces outside of the Western Belt, 
lithofacies C is interpreted to largely represent lags of marine to brackish origin, such as tidal channel lags 
or transgressive lags that may have formed from bidirectional or unidirectional traction currents. 
4.1.1.3 Lithofacies Modifiers 
Deformed Bedding XD:  Description 
Modifier XD (Figure 4.22) consists of distorted laminae or bedding (Figure 4.22) within a range of sandy 
facies (most commonly SC, SP, SR, and SM). In Cypress Creek outcrops, modifier X
D was observed to be 
present in the upper portions of exposures. Nearby in the Tripp-1 (121812190900) core, modifier XD 
exists at a similar stratigraphic horizon within the upper portion of the Western Belt sandstone. Similarly, 
in Dale Field, modifier XD is also most pervasive in the upper portions of the thick Western Belt 
sandstone. Domal features (Figure 4.23 A) and large scale (~4 m) fluid escape structures (Figure 4.23 B) 
were observed in the upper portions of thick Western Belt sandstones in north Cypress Creek (Figure 3.3) 
and may also be associated with lithofacies modifier XD.     
Deformed Bedding XD:  Interpretation 
Modifier XD represents post- or syn-depositional soft sediment deformation. Dewatering of sediments 
following relatively rapid deposition can induce such deformation (van Loon, 2009). The upper portions 
of fine-grained point bars are also associated with slumping and soft sediment deformation structures (c.f. 
Smith et al., 2016). XD is most commonly observed in the upper portions of thick Western Belt 
sandstones, so it is likely that a combination of fluid escape and gravitational instability caused modifier 
XD to frequently occur in the upper portions of thick Western Belt sandstones. 
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Figure 4.22. Examples of lithofacies XD. From left to right: (2963’, 120650139200), (107’, 121812190900), (2962’, 
1206501394), (1540’, 120512572400). 
 
  
Figure 4.23. A) Domal structure associated with lithofacies modifier XD. B) Possible large-scale fluid escape 
structure associated with lithofacies modifier XD. 
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B 
C 
D 
A 
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Pedogenic Alteration XP:  Description 
Modifier XP commonly consists of variegated (varying from red to green to yellow to grey; Figure 4.24 
A, B, C, and E) or gleyed (Figure 4.24 A, B, and top of E) muddy and silty lithofacies. Although less 
common, modifier XP may also be developed in sandy lithofacies. 
When modifier XP is red or variegated with high-chroma colors, it is commonly developed in muddy and 
silty lithofacies and in close association with carbonate nodules, root traces, and slickensides or peds 
(Figure 4.22 A and C). When modifier XP is gleyed, it is also commonly developed in muddy and silty 
lithofacies but in close association with drab, low-chroma colors, abundant carbonaceous material (i.e. 
lithofacies MC
P), root traces, siderite, and pyrite. When modifier XP exists in sandy lithofacies, iron-oxide 
staining, pyrite, siderite, and/or root traces are most common. All examples in Figure 4.24 are from the 
middle to upper half of the Cypress Formation. 
Pedogenic Alteration XP:  Interpretation 
Modifier XP is interpreted to be an indicator of subaerial exposure. When present in muddy and silty 
lithofacies and containing calcite nodules and red coloration, modifier XP is interpreted as a calcic vertisol 
developed in a well-drained, wet-dry environment with seasonal precipitation (c.f. Driese & Ober, 2005; 
Figure 4.24 A and B). Calcic vertisols are known to dominate horizons of subaerial exposure in 
Chesterian deposits of the midcontinent and are developed in a wide range of lithologies (Kahmann & 
Driese, 2008).  
In such cases where calcite nodules or red coloration are absent, but a combination of low-chroma colors 
(Fe reduction), rootlets, abundant carbonaceous material (i.e. lithofacies MC), siderite, or pyrite are 
present, modifier XP is interpreted to be a gleysol that developed in a poorly drained, water-logged 
environment where the water table was high (Figure 4.24 D; c.f. Driese & Ober, 2005; Kahmann & 
Driese, 2008).
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4.1.2 Geophysical Facies 
Lithofacies of the Cypress Formation were calibrated to geophysical logs (Figure 4.25; specifically, SP 
and resistivity due to their prevalence in the Illinois Basin) to construct a geophysical facies scheme 
(Table 4.9). Most geophysical facies are broken down into subcategories based on the degree of serration 
in the log signature. Each geophysical facies generally consists of a characteristic assemblage of 
lithofacies that, when associated together, represent characteristic depositional environments. Thus, 
geophysical facies are herein proxies for facies associations. Geophysical facies were interpreted in 874 
wells to understand depositional environments and reservoir heterogeneity of the Western Belt in three 
dimensions within Dale Field, where the Cypress Formation is produced from a series of three structural 
domes (Figure 4.26). Geophysical facies were then assigned to each of the three lithostratigraphic 
intervals [upper (red), middle (green), and lower (purple)] differentiated and mapped in Dale Oil Field 
(Figure 4.26).  
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Figure 4.25. Lithofacies of 121652585700 calibrated to geophysical logs to form geophysical facies.  
Bottom 
Top 
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Table 4.9 Geophysical facies scheme for the Cypress Formation including thickness, log motif, description, 
depositional process, lithofacies, and facies associations for each geophysical log facies. All geophysical log motifs 
are from the Cypress Formation. On motifs, left curve is SP and right curve is resistivity (dashed = short normal). 
Log Facies 
Net Sand 
Thickness 
SP and 
Resistivity Log 
Signature Description 
Depositional 
Process 
Common 
Lithofacies 
Facies 
Associations 
Smooth 
Shale 
(SS) 
0 
 
      
Uniformly 
high SP and 
low 
resistivity, 
may be 
slightly 
serrated, 
upper and 
lower 
contacts 
may be 
sharp or 
gradational 
Uniform low 
energy 
suspension-
dominated 
sedimentation 
 
M,  MS, 
HL, HW 
 
 
 
OR 
 
MP, MSP, 
HLP, HWP 
 
Mud flat, delta 
front, 
interdistributary 
bay 
 
OR 
 
Floodplain, 
abandoned 
channel fill 
Irregular 
(I) 
~0-3 m 
1 
 
  
Net sand = 0 
Irregular 
(serrated) 
SP, overall 
high 
gamma-ray 
and low 
resistivity 
Irregular 
switching 
between low 
energy fall-
out 
sedimentation 
and moderate 
energy, bed 
load-
dominated 
sedimentation 
 
M., MS, 
HL, HW, 
HF, SRD, C 
 
 
OR 
 
MP, MC,  
MSP, HLP, 
HWP, HFP, 
SR, C 
 
Tidal bar, 
intertidal bar, 
tidal ridges, 
tidal flat 
 
OR 
 
Floodplain, 
overbank, 
channel levee, 
crevasse splays 
2 
 
 
Net sand > 0 
Hourglass 
(H) 
~3-8 m 
1 
 
 
Smooth 
Roughly 
symmetrical 
increase 
and 
decrease in 
SP that may 
be serrated, 
upper and 
lower 
contacts 
gradational 
Gradual 
increase in 
bedload 
sedimentation 
energy 
followed by a 
gradual 
decrease in 
bedload 
sedimentation 
SR, SRD, 
HW, HF, 
HL, SP, XP, 
C 
Tidally-
modulated delta 
front, mouthbars, 
or shoreface 
sands 2 
 
 
Serrated 
Bell 
(B) 
~3-15 m 
1 
 
 
Smooth 
Increase in 
SP upwards 
with 
roughly no 
vertical 
change in 
resistivity, 
sharp lower 
contact and 
gradational 
upper 
contact 
Gradual 
decrease in 
bedload-
dominated 
sedimentation 
under the 
influence of 
high 
suspended 
load 
SC, SR, SP, 
SM, XD, 
HW, MS, 
HF, XP 
Meandering or 
anastomosing 
river deposits, 
floodplain and 
levee deposits  
2 
 
Serrated 
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Table 4.9 (cont.) 
Log Facies 
Net Sand 
Thickness 
SP and 
Resistivity Log 
Signature Description 
Depositional 
Process 
Common 
Lithofacies 
Facies 
Associations 
Funnel 
(F) 
~3-12 m 
1 
 
 
Smooth 
Decrease in 
SP upwards 
with 
roughly no 
vertical 
change in 
resistivity, 
gradational 
lower 
contact and 
sharp upper 
contact 
Gradual 
increase in 
bedload 
sedimentation 
followed by 
abrupt 
transition to 
suspension 
dominated 
sedimentation 
MS, XP, 
XD, HW, 
HF, SR, 
SRD, SP 
Prograding  
mouthbars or 
shoreface sands 
2 
 
 
Serrated 
Cylindrical 
(C) 
~12-60 m 
1 
 
 
High 
serration 
High SP 
and low 
resistivity 
that may be  
serrated, 
gradational 
or sharp 
upper and 
lower 
contacts 
Abrupt 
increase in 
bedload 
sedimentation 
under the 
influence of 
high 
suspended 
load   
SC1, SC2, 
SP, SR, SM, 
XD, C 
Multistorey 
channel fills of 
meandering or 
anastomosing 
river 
2 
 
 
Medium 
serration 
3 
 
 
Smooth 
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Figure 4.26. Structure map of Dale Oil Field based on the Barlow Limestone, showing domes in Dale Field that are 
structural oil traps for the Cypress Formation. Wells utilized are pink. Depth is in meters. Inset above shows the 
upper (red), middle (green), and lower (purple) intervals mapped in Dale Oil Field.  
The lower lithostratigraphic interval (purple) is equally shaley and sandy, and characterized as being 
highly resistive, the most resistive interval mapped at Dale. The middle interval (green) is mostly sandy 
and thick. This interval, the thick Western Belt sandstone interval, is sometimes separated from the lower 
interval by a thin (<2 m) shaley break. The upper boundary of the middle interval occurs where the 
sandstone becomes consistently less than 50% ‘clean’. A lower boundary was picked when either the 
-660 
-815 
-738 
HAMILTON COUNTY 
SALINE COUNTY 
FRANKLIN 
COUNTY 
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sandstone became highly resistive or the sandstone abruptly transitioned to the Ridenhower Shale. The 
upper interval (red) is generally more shaley than sandy and lies immediately below the Barlow 
Limestone, a basin-wide marker bed. 
4.2 Facies Associations and Depositional Environments 
The sequence stratigraphic interpretation of the Cypress Formation by Nelson et al. (2002) is adapted 
herein and used in reference to the three mapped intervals at Dale Oil Field. The lower, middle, and upper 
intervals of Dale Oil Field broadly correspond to the HST of Sequence 7, the LST of Sequence 8, and the 
TST of Sequence 8 from Nelson et al. (2002), respectively, and are hereafter used interchangeably. The 
HST of Sequence 7 represents a tidally modulated deltaic front, the LST of Sequence 8 represents an 
anastomosing or meandering river, and the TST of Sequence 8 represent tidally influenced estuarine 
deposits.  
4.2.1 Sequence 7 HST:  Tidally Modulated Deltaic Front 
The lower interval at Dale Field is comprised largely of geophysical facies H and F (Figure 4.27 B) that 
are commonly highly resistive (calcite cemented?) and may intergrade with limestone or sandy limestone 
of the underlying Ridenhower Shale. Funnel (F) facies occur in 15% of all wells investigated and 27% of 
wells where the interval exists in the eastern half of the field (Figure 4.27). Hourglass (H) facies occur in 
26% of all wells investigated and 36% of wells where the lower interval exists in the eastern half of the 
field (Figure 4.27 A). These geophysical facies are on average characterized by 6 m of net sand >50% 
clean (Figure 4.27 B). Although no physical samples exist through the lower interval in the Western Belt, 
and it rarely – if ever – exists in outcrop, geophysical log signatures observed in the lower interval closely 
resemble core-calibrated log signatures found elsewhere in the Cypress Formation [i.e. above thick 
Western Belt sandstone and within “sandstone lense” provinces outside of the Western Belt] that are 
interpreted to be progradational, nearshore marine deposits (Smith, 1996; Nelson et al., 2002). Funnel 
facies were also recognized at the base of the Cypress Formation in the Western Belt (Smith, 1996).  
The lower interval is spatially isolated to the eastern half of Dale Field, with there being a distinct north-
south trend coincident with the westward termination of the interval (Figure 4.27 A). This trend is 
consistent with most trends in the Cypress Formation and other Chesterian strata. West of this trend, the 
lower interval is absent and the middle interval consistently rests directly upon a thin (~1 m thick) low 
SP, high resistivity spike immediately above the Ridenhower Shale (Figure 4.36 D-D’). 
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In the western half of Dale Field, the lower interval is absent (Figure 4.27 A and B) either due to lateral 
pinch-out, lateral facies transition to limestone, or erosion from the middle interval; this westward change 
manifests as a north-south trend (Figure 4.27 A). The absence of the lower interval and the high resistivity 
spike at the base of the middle interval in the western half of Dale Field is interpreted herein to be the 
product of calcareous lithofacies C. Images A and C in Figure 4.21 show examples of calcareous lags that 
manifest as a spike in the resistivity log and suggest that care must be taken when interpreting such spikes 
commonly at the base of sandstone bodies in the Cypress Formation, as they are not always limestone 
lithologies. The high resistivity spike observed at the base of the middle interval is herein interpreted to be 
a cemented erosional lag produced by the complete incision of the lower interval. 
Geophysical facies analysis suggests that the lower interval at Dale Field is comprised dominantly of 
tidally-modulated mouth bars or shoreface sands and other marine-reworked delta front deposits of a 
prograding deltaic system (Figure 4.27 B; Table 4.9). Funnel geophysical facies are commonly associated 
with progradational nearshore environments such as those proposed herein for the lower interval (Van 
Wagoner et al., 1990). The highly resistive character of this interval is most likely the result of abundant 
calcite cement that originated from an abundance of marine fossils. The lower interval intergrades with 
the Ridenhower Shale, a formation known to contain an abundance of limestone and sandy limestone 
(Nelson et al., 2002; Willman et el., 1975). Smith (1996) and Nelson et al. (2002) suggest that these 
deposits at the base of the Cypress Formation are progradational, nearshore marine deposits time-
equivalent to the Sequence 7 HST deposits within “sandstone lenses” provinces outside of the Western 
Belt (e.g. Bartelso Oil Field and Lawrence Oil Field). The findings herein are consistent with such an 
interpretation. 
 
 
 
 
 
 
 
. 
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Figure 4.27. A) Gross isopach map of the lower interval and Dale Field. Isopach contours are in meters and cross-
sections in the lower interval gross isopach are shown in the following sections (Figures 4.36 and 4.37). B) 
Geophysical facies breakdown for the lower interval. DNE is the placeholder for where the interval does not exist, 
and LS is the placeholder for limestone.  
 
 
A 
B 
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4.2.2 Sequence 8 LST:  Multistorey Anastomosing or Meandering River 
The LST of Sequence 8 (i.e. thick Western Belt sandstones) occurs in outcrop in the Cypress type area 
and consists dominantly of lithofacies SC1, SC2, SP, SR, SM, X
D, C, and XP. Major erosional surfaces were 
observed to be embedded within thick Western Belt sandstones in both outcrops and core from the 
Cypress Creek area (Figures 4.28, 4.29) and other Western Belt core within the basin interior (Figures 
4.29, 4.30, 4.31, and 4.32). These erosional surfaces are commonly associated with (1) slight (~50-100 
𝜇𝑚) but abrupt grain size increases (Figures 4.28, 4.29, and 4.32), (2) a poorly developed lag above the 
surface (Figures 4.30 and 4.32), (3) an abrupt, but consistent, vertical change to lithofacies Sc, SP, or C,  
and (4) an abrupt, but consistent, vertical decrease in detrital clay concentration (Figures 4.30 and 4.32). 
The Tripp-1 (121812190900) core 3.5 km from the outcrop in Figure 4.28 shows that these subtle but 
major erosional surfaces in the thick Western Belt sandstones can be obscured within geophysical facies 
C because they are by nature sand on sand contacts (Figure 4.29). The association of the four 
aforementioned characteristics suggests that these erosional surfaces are channel bases. These 
characteristics further suggest that deposits immediately overlying these erosional surfaces are 
consistently high energy and most likely represent thalweg deposits.  
From the channel base(s) in the Tripp-1 (121812190900) core (Figure 4.30; ~46 m or ~42 m) to the top of 
the thick Western Belt Sandstone at ~16 m, the succession is genetically continuous and 16 to 20 m thick. 
The ratio of lithofacies SR to lithofacies SC and SP increases upwards and grain size decreases 
accordingly, suggesting a decrease in flow velocity through time (Figures 4.29, 4.30, and 4.31). This 
fining-upward succession is topped by a gleyed, highly carbonaceous gleysol (lithofacies MC
P) with 
evidence of root traces immediately beneath it (Figure 4.31). This gleysol indicates that not only were 
currents decreasing in energy over time but they were also shallowing. 
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Figure 4.29. Core from the Cypress Creek area [Tripp-1 (121812190900)], its corresponding geophysical logs, and 
selected thin sections showing subtle grain size increases associated with channel bases embedded within seemingly 
homogenous sandstone “blocks.” Channel bases (red) can be unrecognizable in cylindrical geophysical facies. Thin 
section scale bars are 500 𝜇𝑚. 
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Figure 4.30. Tripp-1 (121812190900) core showing a channel base embedded within thick Western Belt sandstone 
defined by a slight (~50 𝜇𝑚) grain size increase and facies change from lithofacies SC to lithofacies C. 
 
 
 
Erosive channel base 
Poorly  developed Lithofacies C 
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Figure 4.31. Highly carbonaceous, gleysol (lithofacies MCP) at the top of thick Western Belt sandstone in the Tripp-1 
(121812190900) core. The gleysol rests sharply upon a rooted lithofacies SRP. 
Roughly 80 km northwest of the Tripp-1 (121812190900) core, a very similar succession can be observed 
in the Rural Hills Flood 2-S (120650139400) core in Dale Field (Figure 4.32). Although the nature of 
upper and lower contacts of the thick Western Belt sand are unknown in this core, it does capture ~90% 
of the entire sandstone. Similar to the Tripp-1 (121812190900) core, a major erosional channel base 
embedded within the thick Western Belt sandstone of the Rural Hills Flood 2-S (120650139400) core is 
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characterized by a poorly developed basal lithofacies C and a subtle grain size increase (Figure 4.32; 
~922 m) associated with thalweg deposits (lithofacies SC and SP). Evidence of up to two more erosional 
channel bases exist above this lower, most obvious channel base.  
The top of thick fluvial Western Belt sandstones is commonly transitional into muddy and silty lithofacies 
modified by XP before transitioning into marine muddy and silty lithofacies within the upper interval 
(Figure 4.33). On top of thick sandstones in Figure 4.33 (red), geophysical facies B correponds to muddy 
and silty lithofacies modified by XP. A funnel transition to the upper interval, similar to Figure 4.33 (red), 
was observed in 56% of geophysical logs used in Dale Field. In the remaining 44% of wells, a sharp 
transition was observed, likely similar to Figure 4.33 (blue), where a gleyed paleosol rests directly upon a 
bar top. In both cases, the initial marine flooding of Sequence 8’s TST evidently occurred after deposition 
of the thick, fluvial Western Belt sandstones because the thick Western Belt sandstones are transitional 
upward to subaerial exposure at their tops before becoming marine. This transition to subaerial exposure 
at the top of thick Western Belt sandstones is interpreted herein to be evidence of a change to river 
floodplain deposits during the LST of Sequence 8.  
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Figure 4.32.  Lowermost channel base in the Rural Hills Flood 2-S (120650139400) core defined by a subtle 
lithofacies C and a subtle grain size increase. A switch from dominantly lithofacies SR to SC is observed across the 
channel base. 
Erosive channel base 
Poorly  developed Lithofacies C 
Lithofacies SC 
  
98 
 
 
Figure 4.33. SP, gamma-ray, and resistivity logs from 120270161200 (maroon) and 121812190900 (blue) showing 
the context of subaerial exposure evidence (lithofacies XP) above thick Western Belt sandstones. The upper 
transition of the thick Western Belt sandstone can be a bell geophysical facies (maroon) and associated with 
subaerial exposure. In other cases, the upper contact of the thick Western Belt sandstone is sharp (blue) and 
associated with evidence of subaerial exposure. Both geophysical logs are to scale. 
Given the dominance of fluvial lithofacies and the typical lithofacies succession found in core through 
thick Western Belt sandstones, a point bar model (Figure 4.34), where the idealized vertical succession is 
a basal lag, cross-beds, ripple cross-beds, topped by paleosols, is here tentatively suggested for these 
channel fills. However, nearly identical successions may be found within channel fills of braided river 
deposits (Bridge, 1985, 1993) and cannot be ruled out completely. Nonetheless, channel fills within the 
Western Belt are commonly stacked upon each other (multistorey), with there being evidence of up to 
Top 
Lithofacies C 
Lithofacies MP 
Lithofacies HWP 
Lithofacies SR 
 
Lithofacies MCP 
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three genetically continuous storeys in the Tripp-1 (121812190900) and Rural Hills Flood 2-S cores 
(120650139400). 
 
Figure 4.34. Idealized point-bar model from Allen (1970). A = conglomeratic, B = cross-bedded sandstone, flat-
bedded sandstone, B = cross-laminated sandstone, and C = alternating beds, siltstone. 
Mapping and facies analysis of the middle interval (i.e. thick Western Belt Sandstone) at Dale Oil Field 
further suggest a meandering or anastomosing ancient Cypress river. Geophysical facies associated with 
multiple fluvial storeys (i.e. channel fills or point bars) dominate the thick Western Belt sandstones 
(Figure 4.35 B; Table 4.9). Additionally, these fluvial geophysical facies can be found in multistorey, 
arcuate channelized elements that trend roughly north-south (Figures 4.35 A, 4.36 D-D’) or multistorey 
sheet-like elements (Figure 4.35 A, 4.36 C-C’), and are associated with shale plugs (Figures 4.35 A and 
4.37 A-A’ and B-B’). Shale plugs are closely associated with channel abandonment in low-gradient - 
rivers that possess point bars (Figure 4.38). The bases of storeys within arcuate channelized elements and 
sheet-like elements coincide with subtle grain size increases, subtle basal lags, and a subtle deflection in 
the resistivity log (Figure 4.36). This suggests that, in some cases within thick Western Belt sandstones, 
resistivity may be a more useful tool for identifying channel bases than SP or gamma-ray. 
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Figure 4.35. A) Gross isopach map of the middle interval at Dale Field. Net to gross ratio of the gross isopach map 
is ~1, so it is also roughly a net isopach map. Isopach contours are in meters. B) Geophysical facies breakdown and 
net sandstone thickness of the middle interval (thick Western Belt Sandstone) at Dale Oil Field. Geophysical facies 
breakdown for the middle interval. DNE is the placeholder for where the interval does not exist, and LS is the 
placeholder for limestone. 
Arcuate Multistorey 
Channelized Element 
Multistorey Sheet-Like Element  
Arcuate Multistorey 
Channelized Element 
Abandoned Channel 
Shale Plug Element 
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Figure 4.36. C-C’) Cross-section through a sheet-like sandstone body from Figure 4.35 showing three storeys, two 
of which - storeys 2 and 3 - are amalgamated into a single sandstone “block” within the middle interval (green) at 
Dale Field. In the two cores, Rural Hill Flood 5-S (120650139200; left) and Rural Hill Flood 2-S (120650139400; 
right), note the subtle (very fine to fine or fine lower to fine upper) but abrupt grain size increases associated with 
the channel bases of storeys 2 and 3. These channel bases are defined by a poorly developed lithofacies C, 
containing only rip-up clasts. D-D’) Cross-section through an arcuate channel-trend from Figure 4.35 showing two 
storeys, 2 and 3, which amalgamate into a single sandstone “block” within the middle interval (green) at Dale Field. 
DBL = Downeys Bluff Limestone, BS = Bethel Sandstone, RS = Ridenshower Shale, CF = Cypress Formation 
(black line to light blue line), BL = Barlow Limestone. (A) Model (after Bridge and Tye, 2000) for thick sandstone 
of the Western Belt showing how, dependent on location in the Illinois Basin, river channel deposits may 
amalgamate to form thicker, multistorey sandstone “blocks” with uniformly low gamma-ray signatures and channel 
bases ‘hidden’ within.  
A 
Storey 3 
Storey 2 
Storey 1 
Storey 3 
Storey 2 
  
102 
 
 
Figure 4.37. Interpreted flow-transverse cross section (A-A’) and flow-parallel cross section (B-B’) through an 
abandoned channel clay plug (Figure 4.35) in the Cypress Sandstone at Dale Field. Note that the abandoned channel 
clay plug was later reoccupied and infilled by amalgamated tidal bars of the upper interval. Red lines represent 
interpreted erosive boundaries. Cross-sections are flattened on the base of the middle interval (green) which is 
interpreted to be a sequence boundary.  
 
Figure 4.38. Example of fluvial point-bar deposition in a low-gradient, mixed-load system showing how clay plugs 
are associated with channel abandonment and laterally migrating pointbars. Figure modified from  (Donselaar & 
Overeem (2008). 
Channel bases identified in this study (defined by subtle grain size shifts and poorly developed lags) were 
not previously recognized within thick sandstones of the Western Belt, which were commonly viewed as 
being genetically continuous ‘clean’ sands with no internal discontinuities. Likewise, Nelson et al. (2002) 
interpreted these deposits to be dominantly transgressive incised valley fills, being originally braided river 
deposits that were significantly reworked by tides and waves. Cole & Nelson (1995) also did not 
recognise these internal erosion surfaces, and suggested a divergent interpretation in which thick Western 
Belt sandstones represent solely marine products, such as imbricated tidal bars. Although these channel 
bases were not recognized by previous authors, many have suggested a fluvial to deltaic origin for other 
thick Chesterian sandstones (e.g. Potter, 1962;  Swann, 1964), although none have specifically 
differentiated thick Western Belt sandstones of the Cypress Formation. The present study supports and 
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refines the fluvial interpretation, suggesting that thick sandstones of the Western Belt represent 
dominantly the multistorey fluvial LST deposits.  
The sequence stratigraphic model is rooted in the belief that almost complete sediment bypass occurs 
through valley systems on low-gradient coastal plains during LST (Blum, et al., 2013), although this 
‘vacuum cleaner’ model has recently been deemed incorrect (Blum et al., 2013). The basal valley-fill 
surfaces of low gradient, lowstand coastal-plain paleovalleys are strongly diachronous and do not 
represent an extended period of incision and sediment bypass. Low gradient, LST coastal river systems 
instead conform to the ‘conveyor belt’ model where a significant portion of the total sediment load is 
stored in the river belt before reaching the ocean (Blum et al., 2013). As such, the sequence boundary of 
Sequence 8 at or near the base of thick Western Belt sandstones likely does not represent a long period of 
incision coupled with mostly sediment bypass. Thus, the sequence boundary of Sequence 8 must be 
roughly the same age as the overlying Western Belt fluvial deposits (c.f. Blum et al., 2013). Since LST 
fluvial deposits have a high probability of being stored within river belts on low gradient coastal areas, 
LST fluvial deposits of the ancient, low slope Cypress river have a high probability to comprise the bulk 
of thick sandstones in the Western Belt. Additionally, little to no evidence of marine reworking exists 
within thick Western Belt sandstones and evidence of subaerial exposure exists consistently on top of 
thick Western Belt sandstones, further suggesting these thick sandstones represent dominantly fluvial 
LST deposits rather than TST deposits (c.f. Nelson et al., 2002). 
4.2.2.1 River Channel Depth, Mode of Sediment Transport, and River Planform 
River Channel Depth 
Mean and maximum dune heights were calculated in 4.1.1.2 (Equation 4.1), and these dune heights were 
then used to estimate mean and maximum bankfull depths of the ancient Cypress river that deposited the 
bulk of thick Western Belt sandstones. Mean and maximum bankfull depth estimates were then used in 
conjunction with grain size analysis (Table 4.3) to constrain the mode of sediment transport, which allows 
for dune-form morphologies within lithofacies SC to be explained and helps to constrain the planform 
morphology of the ancient Cypress river.  
From mean and maximum calculated dune height 𝜂𝑚 and 𝜂𝑚𝑎𝑥, respectively, mean and maximum 
bankfull channel depths 𝐻𝑏𝑓 were estimated with the following equation [as in Sambrook Smith et al. 
(2013)]: 
𝐻𝑏𝑓  =  
𝜂 
0.2
           (𝐸𝑞. 4.2) 𝑎𝑠𝑠𝑢𝑚𝑒𝑑 𝐻𝑏𝑓 
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where 
 
𝐻𝑏𝑓 = the ‘assumed or estimated’ channel bankfull depth (maximum channel depth; meters) 
 
Of the four scenarios used to calculate dune height in 4.1.1.2, two scenarios (3 and 4) were used to 
calculate 𝐻𝑏𝑓; scenarios 1 and 2 were excluded since they incorporate compound cross-sets measured in 
this study which are not considered to scale to flow depth. Table 4.10 summarizes findings for these two 
scenarios. The estimated average 𝐻𝑏𝑓 is ~4 m (using 𝜂𝑚). The largest cross-set observed in this study 
yields an 𝐻𝑏𝑓 of ~12 m, and the largest cross-set observed by Potter et al. (1958) yields an 𝐻𝑏𝑓 of ~19 m.  
Table 4.10. Summary table of scenarios 3 and 4 showing that 𝐻𝑏𝑓 is constrained from 4 to 19 m. 
Scenario N 𝑺𝒎 𝑺𝒎𝒂𝒙 𝜼𝒎 𝜼𝒎𝒂𝒙 𝑯𝒃𝒇 using 𝜼𝒎 𝑯𝒃𝒇 using 𝜼𝒎𝒂𝒙 
3 138 0.30 m 0.86 m 0.86 m 2.50 m 4.31 m 12.52 m 
4 171 0.30 m 1.3 m 0.85 m 3.76 m 4.2 m 18.8 m 
Measurements from the Tripp-1 (121812190900) core indicate point bars ~16 - 20 m thick (Figure 4.29) 
that yield a mean bankfull depth of ~8-10 m (assuming mean bankfull depth is roughly half maximum 
bankfull depth; c.f. Leclair and Bridge, 2001) and a maximum bankfull depth of ~20 m (assuming 
maximum bankfull depth is equivalent to point bar height; c.f. Leclair and Bridge, 2001). As such, 𝐻𝑏𝑓 
values derived from 𝜂𝑚 (~4 m) are far smaller than 𝐻𝑏𝑓 values derived from core point bar thicknesses 
(~8-10 m). This discrepancy could indicate that:  i) dunes of the ancient Cypress river did not scale 
ideally to flow depth, ii) the current method for estimating flow depth from cross-set thickness has 
restrictions in its use, and iii) maximum 𝐻𝑏𝑓 values derived from 𝜂𝑚𝑎𝑥 (~12-18 m) are more realistic. 
Mode of Sediment Transport 
Using the above cross-set-derived 𝐻𝑏𝑓 values, bankfull boundary (or channel bed) shear stresses 𝜏𝑏𝑓 were 
approximated by: 
𝜏𝑏𝑓 = 𝜌𝑔𝐻𝑏𝑓𝑆              (𝐸𝑞. 4.3) 𝑏𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦 𝑠ℎ𝑒𝑎𝑟 𝑠𝑡𝑟𝑒𝑠𝑠 
where 
 
𝜌 = density of water  
𝑔 = gravitational acceleration  
𝐻𝑏𝑓 = bankfull channel depth (4, 12, or 19 m) 
𝑆𝐶 = channel bed slope (parameterized herein as 2 × 10
-4 and 4 × 10-5)  
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For this study, two different channel bed slopes were investigated since the precise slope of the Illinois 
Basin during the Chesterian is unknown, although the basin is believed to have been a very low 
accommodation, low slope ramp during the Chesterian (Treworgy, 1988). A slope of 2 × 10-4, which is on 
same order of magnitude as the Trinity River, Texas, or the Wabash River, Illinois, was used as the high 
slope end member. A slope of 4 × 10-5, which is on the same order of magnitude as the lower Mississippi 
River, was used as the low slope end member. 
Next, 𝜏𝑏𝑓 was used to calculate the dimensionless bankfull Shields stress 𝜏
∗
𝑏𝑓: 
𝜏∗𝑏𝑓 =
𝜏𝑏𝑓
  𝜌𝑅𝑔𝐷 
=
𝜌𝑅𝐻𝑏𝑓𝑆
  𝜌𝑅𝑔𝐷 
           (𝐸𝑞 4.4) 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠 𝑏𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝑆ℎ𝑖𝑒𝑙𝑑𝑠 𝑠𝑡𝑟𝑒𝑠𝑠  
Thus, this equation reduces to:   
𝜏∗𝑏𝑓 =
𝐻𝑏𝑓𝑆
 𝑅𝐷
           (𝐸𝑞. 4.5) 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠 𝑏𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝑆ℎ𝑖𝑒𝑙𝑑𝑠 𝑠𝑡𝑟𝑒𝑠𝑠  
where  
𝑅 = the submerged specific gravity for quartz (1.65) 
𝐷 = 𝐷50 (132 𝜇𝑚)  
 
Finally, the particle Reynolds number 𝑅𝑝, was used as a surrogate for grain size (Wilkerson & Parker, 
2011):  
𝑅𝑝 =
√𝑅𝑔𝐷 𝐷
ʋ 
          (𝐸𝑞. 4.6) 𝑔𝑟𝑎𝑖𝑛 𝑠𝑖𝑧𝑒 𝑠𝑢𝑟𝑟𝑜𝑔𝑎𝑡𝑒:  𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑅𝑒𝑦𝑛𝑜𝑙𝑑𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 
where  
𝑔 = gravitational acceleration 
ʋ = kinematic viscosity of water at 20˚C or 68˚F (1.0 ∗ 10-6 m2s-1) 
 
𝑅𝑝 is not simply grain size, as it also considers the viscosity of the fluid that determines the potential 
magnitude of turbulence generation between fluids of differing viscosities. Low viscosity fluids tend to 
produce greater levels of turbulence than high viscosity fluids, and in general, greater amounts of 
turbulence enhance entrainment of grains as bedload or as suspended-load.  
𝑅𝑝 and 𝜏
∗
𝑏𝑓 and are herein used to compare the thick Western Belt sandstones of the Cypress Formation 
against the two different grain size-dependent curves in Figure 4.39:  (A) the Shields bedload curve for 
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initiation of sediment motion and (B) the Shields curve for initiation of significant suspended-load 
transport.  
(A) The Shields bedload curve for initiation of sediment motion is empirically derived to determine 
the minimum, or ‘critical’, shear stress 𝜏∗𝑐 necessary for a moving fluid to initiate bed sediment 
‘movement’ of a given grain size (Figure 4.39 A). Sediment movement along the bed occurs 
when 𝜏∗𝑏𝑓 exceeds 𝜏
∗
𝑐. 𝜏
∗
𝑐 is a function of the particle Reynolds number 𝑅𝑝 (Parker et al., 2003) 
where: 
𝜏∗𝑐 =
1
2
∗ [0.22𝑅𝑝
−0.6 + 0.06 ∗ 10(−7.7𝑅𝑝
−0.6)]  
      (𝐸𝑞. 4.7) 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑆ℎ𝑖𝑒𝑙𝑑𝑠 𝑠𝑡𝑟𝑒𝑠𝑠 𝑎𝑡 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑜𝑓 𝑚𝑜𝑡𝑖𝑜𝑛 
(B) To determine the critical Shields number (i.e. shear stress) necessary for a moving fluid to initiate 
‘substantial’ suspended-sediment transport given any grain size, the dimensionless fall velocity of 
the sediment within the fluid column 𝑤∗ is considered. Thus, the critical shear stress necessary to 
hold sediment in suspension 𝜏 ∗𝑠𝑢𝑠  (Figure 4.39 B) is written as a function of 𝑤∗ and 𝑅𝑝 
(Wilkerson & Parker, 2011) where:  
𝜏∗sus = (
 𝑤∗
𝑅𝑝
)
2
3
     
(𝐸𝑞. 4.8) 𝑆ℎ𝑖𝑒𝑙𝑑𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑓𝑜𝑟 𝑜𝑛𝑠𝑒𝑡 𝑜𝑓 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑠𝑢𝑠𝑝𝑒𝑛𝑑𝑒𝑑 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡  
where 
𝑤∗ = the dimensionless fall velocity of a given sediment particle size.  
Equations 4.7 and 4.8 are both functions of 𝑅𝑝 and used to plot curves representative of the threshold of 
bed sediment motion (A) and onset of significant suspended sediment transport (B). Figure 4.39 is 
dimensionless and thus allows systems of all scales to be plotted together on one graph. Figure 4.39 also 
‘assumes’ clay and sand particles behave identically with respect to sediment transport, which is an 
oversimplification. However, since thick fluvial Cypress sandstones contain grains that are mostly sand-
sized, Figure 4.39 is realistic because it was designed to best represent sand-sized particle transport. 
Figure 4.39 shows that rivers that deposited thick fluvial sandstones of the Cypress Formation (Western 
Belt and West Baden Trend) had a high affinity for a high suspended load to bedload transport ratio like 
many other fine-grained big rivers around the world. The two scenarios for 𝐻𝑏𝑓 and 𝑆𝑐 (Table 4.11) 
plotted in Figure 4.39 (blue and yellow) suggest that a range of boundary conditions result in a suspended 
load-dominated Cypress river system.  
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Wilkerson and Parker (2011) have shown that bed sediment in sand-bed rivers with 𝐷50 ≤ 500 𝜇𝑚 is 
transported mainly in suspension (see their Figure 1, pg. 742), providing support for the findings herein. 
The ancient Cypress river, according to the nomenclature of Wilkerson and Parker (2011), was a ‘coarse 
suspended-load river’ in that 62 𝜇𝑚 ≤ 𝐷50 ≤ 500 𝜇𝑚. Being on the lower end of the ‘coarse suspended-
load river’ grain size spectrum, the ancient Cypress river, with 𝐷50 = 132 𝜇𝑚, undoubtedly had a high 
affinity toward suspended load transport. The suspended load of the ancient Cypress river was likely 
graded, where the majority of sand-sized grains within the suspended load were transported relatively 
close to the bed surface. An example of an analogous graded suspension can be found in the fine-grained 
Río Bermejo (𝐷50 = 107 to 187 𝜇𝑚). In the Río Bermejo, a significant amount of sand-sized grains (up to 
65% of the total load) are transported in suspension 0.5 m above the bed at low flow, and silt-sized grains 
dominate away from the bed higher up in the flow (Smith et al., 2016).  
Table 4.11. Input values for Figure 4.39, with high slope (blue) and low slope (yellow) end-members being 
represented. A range of 𝐻𝑏𝑓 values are presented for each scenario, with 12 m being most favored by this study. 
 Blue Yellow 
Channel bed slope 𝑺𝒄 2.0 × 10
-4 4.0 × 10-5 
Bankfull depth 𝑯𝒃𝒇      = 4 m        = 12 m       = 20 m        = 4 m         = 12 m          = 20 m 
 
Figure 4.39. Dimensionless Shields diagrams showing critical curves for the onset of bedload transport (A) and the 
onset of significant suspended load transport (B). Cypress sandstone data from Table 4.11 are plotted, showing that 
a range of parameters result in suspended load-dominated transport. Modern fine-grained big rivers (the Jamuna, 
Lower Mississippi, Indus, Amazon, and Solimões) are also plotted for comparison with the Cypress. 
The consistently fine grain size of the Cypress river and the affinity toward suspended load transport may 
help to explain the origin of the typical cross-set thickness and morphology of lithofacies SC within the 
Western Belt. The low-angle character (foresets <15°) of most cross-sets in thick sandstones of the 
Western Belt suggests that low-angle dunes were prominent in the Cypress river. Low-angle dunes, 
dominant in many modern sand-bed rivers (Best & Kostaschuk, 2002; Cisneros & Best, 2016), are 
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suggested to be the product of high suspended sand-transport to bedload sand-transport ratios 
(Kostaschuk and Villard, 1996; McLean et al., 1999; Kostaschuk, 2005, 2000; Kostaschuk et al., 2008). 
Additionally, a recent study of the Yellow River, China (𝐷50 = ~70 𝜇𝑚) by Ma et al. (2017) shows that 
rivers with small mean grain diameters and high suspended load relative to bedload transport tend toward 
“flatter” bedforms such as upper stage plane beds and bedforms in transition from dune to upper stage 
plane bed. Such bedform flattening results in stunted dune heights and lower angle surfaces. Thus, the 
ancient Cypress river system tended to produce small (height) and low angle bedforms. 
Furthermore, Flemming (2000) has suggested that water depth may not be a primary factor in limiting the 
height of subaqueous dunes, and that grain size likely plays a more critical role. Dune height and water 
depth do share a close relationship in depth-limiting, shallower flows, but they do not in deeper flows. In 
both shallow and deep flows, however, dune height is limited by the grain-size dependent, critical shear 
velocity at which bedload transport is transitional to substantial suspended load transport (i.e. 𝜏 ∗𝑠𝑢𝑠). 
Dunes continue to grow in height until 𝜏 ∗𝑠𝑢𝑠  for a given grain size is achieved. Since 𝜏 ∗𝑠𝑢𝑠  decreases 
with grain size (Figure 4.39), Flemming (2000) concluded that maximum potential dune heights in fine 
sediments are smaller than in coarse sediments. Therefore, simple dunes of the fine-grained ancient 
Cypress river would likely have had little chance to grow to large heights even at greater channel depths 
(c.f. Flemming, 2000). 
Thus, most dunes of thick Western Belt sandstones, being fine-grained, low-angle, and formed under a 
high suspended load to bedload ratio, may not scale to the mean bankfull depth calculated by Equation 
4.2 (c.f. Best, 2005) that was derived from high angle-of-repose dunes (~30° lee angle) under the 
influence of a high bedload to suspended load ratio. Since dunes of thick Western Belt sandstones may 
not have scaled ideally to flow depth, the relatively shallow mean 𝐻𝑏𝑓 value (~4 m) derived from mean 
cross-set thickness 𝜂𝑚 (0.27 m) may be an underestimation. Complete point bar thicknesses visible in 
core (Figures 4.29, 4.32) suggest mean 𝐻𝑏𝑓 values on the scale of ~8-10 m, which is closer to 𝐻𝑏𝑓 values 
derived from maximum cross-set thicknesses: 12-19 m (19 m being derived from an outlier cross-set). 
Since the highest calculated 𝐻𝑏𝑓 value (19 m) was from a single outlier cross-set (Potter et al. 1958; seen 
in Figure 4.20) and mean 𝐻𝑏𝑓 derived from point bars is ~8-10 m, a mean 𝐻𝑏𝑓 value of 8-12 m [12 m 
being derived from common large cross-sets (~0.8 m) of this study and Potter et al., (1958)] is most 
plausible for Cypress river channels. For comparison, mean bankfull depth of the Mississippi River 
ranges from ~12-18 m depending on the reach (Williams, 1986). 
Unlike coarser grained sand-bed rivers, fine-grained sand-bed rivers are understudied in the modern and 
ancient, and their sedimentological characteristics are therefore poorly understood (Smith et al., 2016). 
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The ancient Cypress river, being finer grained than most modern lowland rivers that exhibit mean grain 
sizes over 200 𝜇𝑚 (Ma et al., 2017), is an excellent ancient analog for understanding sedimentation and 
the depositional products of fine-grained river systems.  
River Planform 
Due to the affinity of the ancient Cypress river toward suspended-load transport (Figure 4.39), it had a 
high probability for being anastomosing or meandering in planform morphology - as opposed to braided - 
since most braided rivers are bedload-dominated. However, a braided planform is possible for the ancient 
Cypress river if shear stresses were high enough, although the probability for such an occurrence is 
relatively low as very few modern day braided rivers are as fine-grained as the ancient Cypress river.  
Suspended load-dominated channels are more sinuous than bedload dominated channels and exist at 
lower slope gradients (Galloway & Hobday, 1983). Arcuate channel trends (Figures 4.35A and 4.36D-
D’), the low slope setting of the Illinois Basin during the Chesterian, and the affinity of the ancient 
Cypress river toward suspended load transport strengthen the case for an anastomosing or meandering 
planform, the former being proposed for Chesterian fluvial belts by Potter (1962) and Swann (1964). This 
is opposite to Nelson et al. (2002) who more recently proposed that the thick Western Belt sandstones 
represent deposits of a braided fluvial trunk system that was largely reworked by marine processes upon 
transgression.  
4.2.2.2 Reservoir Implications 
Pitman et al. (1998) suggest that although substantial diagenesis has occurred since deposition, “original 
variations in permeability due to small grain size differences has been preserved” in Cypress reservoirs. 
An example of original variation in permeability due to small grain size shifts is shown in Figure 4.40A 
where grain size co-varies with measured permeability in the Tripp-1 (121812190900) core. Larger grain 
sizes (fine-grained) correlate with lithofacies C and SC (Table 4.3; Figure 4.30), thalweg deposits 
overlying erosional channel bases (~46-38 m), and a four-fold permeability increase in the Tripp-1 core 
(121812190900) (Figure 4.40 A). In Cypress Creek outcrops nearby the Tripp-1 (121812190900) core, 
evidence of preferential fluid flow in thalweg deposits above channel bases was observed where liesegang 
banding (recent iron-oxide-rich fluids) is isolated to slightly coarser grained sandstones above an 
erosional surface, and a small (<30 cm) iron-oxide ‘halo’ exists below the erosional surface (Figure 4.40 
C). Apparently, iron-rich fluids did not flow through sandstones below the erosional surface, most likely 
because they are finer grained and lower permeability. Abrupt, but subtle, increases in grain size (very 
fine-upper to fine) and a four-fold increase in permeability correspond with these erosional channel bases 
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(Figure 4.40A), suggesting that channel bases and overlying thalweg deposits ‘hidden’ within thick 
Western Belt sandstone blocks (cylindrical geophysical facies) may act as high permeability thief zones 
during CO2 injection or preferential flow paths in reservoir models. These channel bases coincide with 
storey bases (Figures 4.28, 4.29, 4.30, and 4.32) that can be indistinguishable in gamma-ray and 
resistivity curves of thick cylindrical geophysical facies (Figure 4.29). 
Reservoir quality in shallowly buried (<500 m) sandstones of the Cypress Formation is generally high and 
at deeper depths (>500 m) can be variable due to alteration from mechanical compaction, quartz and 
carbonate cements, and/or framework grain dissolution (Pitman et al., 1998). Porosity generally decreases 
with depth in all Cypress reservoirs (i.e. both thin sandstone lenses and thick sandstone reservoirs), 
although permeability shows significant variation with depth and suggests that burial depth exerted little 
to no systematic control on permeability in Cypress reservoirs (Pitman et al., 1998).  
Though a close relationship exists between grain size and permeability in Western Belt sandstones of the 
Tripp-1 (121812190900) core, little to no correlation exists between porosity and permeability (R2 = 
0.0997; Figure 4.40 B]. Such relations suggest that diagenetic cements, clays, and grain dissolution may 
not be the primary control on porosity in thick Western Belt sandstone reservoirs, and that sediment 
texture (i.e. grain size and sorting) may be far more important than hitherto recognized. Sediments 
associated with relatively high permeability, high energy thalweg deposits (lithofacies SC and SP) of the 
thick Western Belt sandstones are coarser grained and better sorted than finer, more poorly sorted, 
relatively low permeability, low energy deposits (e.g. lithofacies SR). Poorer sorting and smaller grains 
are known to correlate with lower porosities and permeabilities (Selley, 2000).  
Caution must be taken since the Tripp-1 (121812190900) core samples are from near the surface [~26-57 
m (85-187 ft)] and may have been subject to weathering. However, secondary quartz cement is still 
widely present in these samples and suggests that quartz cement may not be the primary control on 
porosity and permeability. Further investigation of the relation between grain size, sorting, diagenetic 
cements and clays, and grain dissolution is needed to better understand what controls porosity and 
permeability in thick Western Belt sandstones. 
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Figure 4.40. A)  Klinkenberg permeability (Kg), accounting for the Klinkenberg effect (corrects for gas flow in 
permeable media being less impeded than liquid flow), of the thick Western Belt sandstone from the Tripp-1 
(121812190900) core nearby Cypress Creek outcrops. An abrupt four-fold increase in permeability is associated 
with a channel base(s) (~46 and 42 m) and the associated thalweg deposits (~46-38 m). B)  permeability versus 
porosity of the Tripp-1 core showing little to no relationship. C) Photograph of the erosional contact at Cypress 
Creek in Figure 4.28, showing a liesegang banding ‘halo’ beneath the erosional contact. This halo occurs all along 
the eroisonal surface in the outcrop and suggests that iron-rich fluids recently flowing through the thick Western 
Belt sandstone were preferentially routed through coarser grained, higher permeability channels bases. Graphic 
column from Cypress Creek is derived from the outcrop shown in Figure 4.28 and is to scale with the Tripp-1 
graphic column.
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4.2.3 Sequence 8 TST:  Tidally Modulated Estuary 
Between the top of thick Western Belt sandstones and the Barlow Limestone is typically a shaley section 
with a low net to gross ratio, where most wells contain a net sand thickness under 5 m (Figure 4.41 A and 
C). Within Dale Field, this shaley section was mapped as a single upper interval (Figure 4.26). 
Geophysical facies analysis and mapping in 874 wells shows that gross trends of the entire interval are 
north-south (Figure 4.41 A) and in good accordance with typical regional trends of the Cypress 
Formation. Geophysical facies I dominates (Figure 4.41 C; Table 4.9), and when geophysical facies C and 
B exist in the upper interval at Dale Oil Field, they are thin (<13 m), laterally discontinuous, and laterally 
grade to irregular geophysical facies (Figure 4.37 A-A’; red sand). Where net sandstone is thickest in 
Figure 4.41 B, the plan view of cylindrical geophysical facies in the upper interval is podiform and does 
not exist in any confined linear trends. Figure 4.37 shows that geophysical facies C in the upper interval is 
localized above a clay plug within the middle interval.  
The shaley upper interval of the Western Belt is comprised of geophysical facies that either represent 
tidally-influenced marine or floodplain deposits (Figure 4.41 C; Table 4.9). Analysis from the Tripp-1 
(121812190900) core (Figure A.2) suggests that the terrestrial (floodplain) to marine transition is not 
coincident with the top of the thick Western Belt sandstone, but rather embedded over halfway up within 
geophysical facies I in the upper interval. Figure 4.33, showing paleosols above the Western Belt 
sandstone, further suggests that the initial marine flooding surface is commonly obscured within 
geophysical facies I in the upper interval, well above the thick Western Belt sandstones. The shaley upper 
interval is thus almost half terrestrial deposits. As such, the TST of Sequence 8 appears to be far thinner 
than hypothesized by Nelson et al. (2002) and more closely associated with the Barlow Limestone than 
thick sandstones of the Western Belt.  
Lithofacies suggest that geophysical facies I in roughly the upper half of the upper interval represents 
tidally influenced marine deposits such as tidal bars or tidal flats (Figure 4.41; Table 4.9; Appendix A.1), 
presumably associated with estuarine deposition. In cases where geophysical facies C exists in the upper 
interval (Figure 4.37; red sand), an amalgamated tidal bar or sandy floodplain deposit origin is favored 
due to the lateral gradation and isolated, podiform planview shape of such sand bodies. These 
amalgamated deposits are coincident with an abandoned channel clay plug (Figure 4.37) that likely served 
as a local zone of accommodation for sandy tidal or floodplain sediments to fill.  
In summary, the depositional trends shown in Figure 4.39 are complicated by the fact that the shaley 
upper interval represents a combination of both floodplain and marine deposits of the LST and TST of 
Sequence 8, respectively. 
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Figure 4.41. A) Gross isopach map of the upper interval at Dale Field. Contours in meters. B) Net isopach map of 
the upper interval (>50% clean). Contours in meters. C) Geophysical facies breakdown for the lower interval. DNE 
is the placeholder for where the interval does not exist, and LS is the placeholder for limestone.  
A 
B 
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Figure 4.41. (cont.) 
 
4.3 Regional Context and Broader Implications 
To provide regional context for thick sandstone reservoirs of the Western Belt, a regional net sandstone 
thickness map (>50% clean) of the entire formation was created utilizing over 4,000 wells (Figure 4.42 
A). Figure 4.42A shows that the arcuate channel trends, shale plugs, channel fills (point bars?) stacked in 
multistorey fashion, and fluvial lithofacies SC1, SC2, SP, and SR that dominate the thick Western Belt 
sandstones, exist within a northeast-southwest trending fluvial belt that is about 50 km across at its 
thickest. The trend of this belt is in strong accordance with numerous regional paleocurrent trends that 
indicate a southwestward transport direction, including those found herein at Dale Field (Figures 4.35 A 
and 4.41 A). Although this map also includes sandstones not considered to be thick Western Belt 
sandstones (i.e. lower and upper intervals as in Dale Field), they likely do not significantly obscure the 
true shape of the thick, fluvial Western Belt sandstones. Non-fluvial sandstones of the lower and upper 
intervals are very thin compared to fluvial sandstones of the Western Belt and are thus herein considered 
to only slightly modulate trends of the Western Belt in Figure 4.40A. Figure 4.42A shows the location of 
Cypress Creek and the Tripp-1 (121812190900) core (red star) and Dale Field (southern Hamilton 
County) in relation to the belt. A conceptual sequence stratigraphic model (Figure 4.42 A; A-A’) through 
thick Western Belt sandstones (Figure 4.43) shows that majority of sediments in the Western Belt 
represent multistorey LST deposits (sequence boundary to top of floodplain muds). 
C 
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Figure 4.43. Conceptual sequence stratigraphic model across the Western Belt (Figure 4.42 A-A’). Theoretical log 
responses (SP and RES) are superimposed. Sequence boundary corresponds to Sequence 8. Model not to scale. BL = 
Barlow Limestone and RS = Ridenhower. 
This belt need not be within an incised valley as discussed in Chapter 4.2.2 and could instead be a 
composite river belt with a highly diachronous sequence boundary. Figure 4.42B shows the regional net 
sandstone (>50% clean) isopach of the Cypress Formation in relation to the Mississippi River. The fluvial 
belt of the Cypress Formation in Illinois exhibits a sinuous trend much like the Mississippi River belt and 
other river belts around the world.  
Considering the ancient Cypress river in Illinois had a high affinity toward suspended load transport, a 
question remains:  Did other river systems in the Chesterian Series of the Illinois Basin have a high 
affinity for suspended load transport as well? All Chesterian sandstones are consistently very fine to fine-
grained (Potter, 1962; Swann, 1964), so conditions were evidently suitable for high rates of suspended 
load transport (fine grains are easier to entrain than medium and coarse grains) in other Chesterian river 
systems in the Illinois Basin. Mean cross-set thickness, cross-set morphologies, and foreset angles from 
these other formations would yield valuable insight into the validity of such an assumption. Such 
knowledge may be useful in future studies interpreting thick siliciclastic Chesterian deposits in the Illinois 
Basin, as thick sandstones of the Cypress Formation are likely useful analogues. 
If high rates of sandy sediment suspension were indeed typical of Chesterian rivers in the Illinois Basin, 
then there may have been a switch from suspended load dominated rivers to bedload dominated rivers 
across the Mississippian-Pennsylvanian boundary. Pennsylvanian sandstones are generally coarser than 
Chesterian sandstones (fine to coarse-grained), especially immediately overlying the Mississippian-
Pennsylvanian unconformity (Atherton et al., 1960) and are considered to be deposited by bedload-
dominated rivers (Archer & Greb, 1995). A better understanding of mean cross-set thickness and 
morphology, mean foreset angle, and 𝐷50 of Pennsylvanian sandstones of the Illinois Basin may help to 
better constrain the mode of transport in Pennsylvanian river systems. If bedload-dominated, it is here 
suggested that the relatively coarse-grained early ancient Pennsylvanian rivers should correspond to 
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steeper dune foreset angles, thicker cross-sets, and different cross-set morphology than the relatively fine-
grained, ancient suspended load-dominated Cypress river. 
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CHAPTER 5:  CONCLUSIONS 
The primary goal of this thesis was to better understand the sedimentology and depositional context of 
thick sandstone reservoirs within the Western Belt of the Cypress Formation. Pre-existing data along with 
new core and geophysical logs, new outcrops, new thin sections, and new porosity and permeability data 
were used to promote a better understanding of the origin and reservoir heterogeneity of thick Western 
Belt sandstones, as well as sedimentation dynamics in the Carboniferous of the Illinois Basin. The four 
research questions posed in Chapter 2.4 are revisited and addressed here: 
(1) What is the sedimentology, dominant depositional environment, and paleohydraulics of thick 
sandstone reservoirs within the Western Belt? 
Thick Western Belt sandstones contain exceptionally low volumes of detrital clay and have a 
characteristic grain size of ~112-132 𝜇𝑚 (upper very fine- to lower fine- grained). Principal sandstone 
lithofacies include:  simple unidirectional cross-bedding, asymmetric ripple cross-bedding, planar 
bedding, and low amplitude – high wavelength (10s of meters) cross-bedding. All sandstone lithofacies 
are unidirectional, and cross-beds most commonly have foresets that are low angle (< 15°) and convex-up 
or sigmoidal. Mean cross-set thickness is ~ 0.3 m, and simple cross-beds are commonly superimposed as 
compound dunes on low amplitude – high wavelength cross-beds or bar accretion surfaces. All planar 
beds in the Western Belt are exclusively upper stage plane beds. 
These lithofacies are associated with multistorey channel fills up to ~20 m thick and are herein interpreted 
to be point bars. Uppermost channel fills fine upward and commonly transition from cross-bedded and 
planar-bedded to asymmetric ripple cross-bedded facies, reflecting a decrease in unidirectional flow 
velocities and shallowing water depths. Newly acquired and newly assessed cores shows that the 
uppermost channel fill storeys are consistently topped by paleosols, suggesting channel abandonment and 
the establishment of floodplain environments. Storeys commonly amalgamate to form thick sandstone 
“blocks.” Where this occurs, erosional storey bases are associated with sand-on-sand contacts and are 
regularly identifiable by:  (1) subtle but abrupt grain size increases (~50-100 𝜇𝑚), (2) subtle basal lags 
that may only contain small clay rip-up clasts, (3) an abrupt but consistent vertical change in lithofacies, 
and (4) an abrupt vertical decrease in detrital clay concentration. Storeys within the Western Belt are 
associated with arcuate channelized elements, abandoned channel shale plug elements, and sheet-like 
elements – all of which are characteristic of an anastomosing or meandering river planform. These 
anastomosing or meandering river elements exist as a complex mosaic within a northeast-southwest 
trending, sinuous composite river belt or composite incised valley ~50 km wide. 
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The ancient Cypress river had a high affinity for suspended load transport due to its exceptionally fine 
grain size. This likely explains the persistence of low-angle surfaces of high energy bedforms and small-
scale (~0.3 m thick) simple cross-sets. High energy bedforms within the Cypress Formation tended 
toward upper stage plane beds, with many being produced under flow conditions characteristic of the 
dune to upper stage plane bed transition. The affinity of the Cypress river toward suspended load 
transport, along with arcuate channelized elements and clay shale plugs, support an anastomosing or 
meandering planform instead of a braided planform for the ancient Cypress river system.  
Mean bankfull channel depth derived from mean cross-set thickness (~0.3 m) is ~4 m, and maximum 
bankfull depths from maximum cross-sets (𝜂𝑚𝑎𝑥 = ~0.8 m) is ~ 12 m. Channel fills suggest mean 
bankfull depths from 8-10 m, and maximum bankfull depths of up to 20 m. The discrepancy between 
mean bankfull depths derived from mean cross-set thickness and mean bankfull depths derived from 
channel fills suggests that:  i) dunes of the ancient Cypress river did not scale to ideally to flow depth, ii) 
the current method for estimating flow depth from cross-set thickness has restrictions in its use, and iii) 
maximum bankfull depths (~12-18 m) derived from maximum cross-sets are more realistic for estimating 
the true mean bankfull depths of the ancient Cypress river. Therefore, mean bankfull depth for the ancient 
Cypress river is herein suggested to be 8-12 m. Most cross-sets of the ancient Cypress river did not scale 
ideally to flow depth likely because high rates of suspended load transport caused dunes to tend toward 
flattening. 
(2) What is the sequence stratigraphic context of Western Belt sandstone reservoirs? 
Thick Western Belt sandstones are dominantly anastomosing or meandering, multistorey LST deposits. 
Floodplain deposits are consistently observed on top of thick Western Belt Sandstones, which suggests 
that channels in the Western Belt were regularly abandoned during lowstand. Lowermost channel storeys 
commonly incise down into tidally-influenced mouthbars, shoreface sands, and other fossiliferous delta 
front sands of Sequence 7’s HST. The initial marine flooding surface of Sequence 8 is embedded within 
the upper shaley interval and is commonly overlying floodplain deposits that rest directly upon the top of 
thick Western Belt sandstones. The TST of Sequence 8, comprised of tidal bars and other tidal deposits, is 
thin and more closely associated with the Barlow Limestone than the upper portions of thick Western 
sandstones. 
(3) How are reservoir architecture, heterogeneity, and fluid flow anisotropy influenced by the 
depositional environment of thick Western Belt sandstones? 
Thick Western Belt sandstone reservoirs are multistorey and comprised of up to three units that often 
have different porosities and permeabilities. These storeys are commonly amalgamated to form thick 
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sandstone “blocks” that are high potential targets for net carbon-negative CO2-EOR operations. The 
channel bases of these storeys are commonly embedded within the thick, seemingly homogenous 
sandstone “blocks” and can be unrecognizable within their conventional geophysical logs suites. Of these 
logs, resistivity appears to be the most reliable for detecting storeys and their erosional bases. Thalweg 
deposits overlying these channel bases correspond to four-fold increases in permeability and may act and 
thief zones during fluid injection. 
(4) What implications does an improved understanding of thick Western Belt sandstones have for 
understanding the evolution of Carboniferous sedimentation in the Illinois Basin? 
Like the thick Western Belt sandstones, other siliciclastic Chesterian formations in the Illinois Basin 
contain thick sandstones that are fine-grained and have high potential for being the products of suspended 
load-dominated rivers. This knowledge may be useful in future studies interpreting these other Chesterian 
formations (especially in outcrop), which likely also exhibit small cross-sets, abundant low-angle 
surfaces, and an abundance of convex-up and sigmoidal foresets. Thick Western Belt sandstones of the 
Cypress Formation may be useful analogues considering many Chesterian siliciclastic sequences in the 
Illinois Basin are very similar in style. 
Lower Pennsylvanian sandstones in the Illinois Basin are coarser grained than the Chesterian siliciclastic 
sediments studied herein and are considered to be deposited by bedload-dominated rivers. As such, these 
Lower Pennsylvanian rivers may possess thicker cross-sets, different cross-set morphologies, and higher-
angle bedforms. If the preceding hypotheses are true, continental river systems during the Carboniferous 
in the Illinois Basin may have switched from suspended load-dominated transport to bedload-dominated 
transport across the Mississippian-Pennsylvanian boundary. 
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APPENDIX A:  SEDIMENTARY LOGS 
All sedimentary logs are shown with their corresponding geophysical logs [SP, Gamma (when available), 
and RES]. 
 
Figure A.1. Legend for sedimentary and diagenetic features. 
 
Figure A.2. Tripp-1 (121812190900). Lithofacies and general environments are labeled. Red line = initial marine 
flooding surface. 
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Figure A.3. Coen-120 (121592608300). 
 
 
Figure A.4. Montgomery 34B (121592606400). 
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Figure A.5. Rural Hill Flood 5-S (120650139200). 
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Figure A.6. Seaman-15 (120292361900).
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APPENDIX B:  CORE DATABASE 
API Core # Inspected? Farm Name Number 
Cypress 
Thickness 
Oil Field or 
County 
Core Quality 
120270161200 14424 Yes 
Centralia Flood 
Unit 
209-W 179 Centralia 
Reduced but has 
depth markings 
120270084000 14334 Yes 
Hanseman, 
Wm. 
3 174 Centralia Reduced 
121812190900  Yes Tripp 1 160 Union Co Continuous 
121812094100 13619 Yes Lyerla CB-2 115 Union Co Continuous 
120650139200 14402 Yes 
Rural Hill 
Flood 
5-S 107 Dale Continuous 
120650139400 14401 Yes 
Rural Hill 
Flood 
2-S 101 Dale Continuous 
121013125200 15443 Yes 
Griggs, J. T. 
A/C 1 
107 86 Lawrence Continuous 
120292361900 13959 Yes 
Seaman, J. 
H./AOR 
15 83 Mattoon Continuous 
121190035100 146 Yes Mine 2 4 79 Madison Co Continous 
120512572400 14888 Yes Heckert, M. B. 902 77 Loudon Continuous 
120512582900 14219 Yes Griffith, M.J. 502 71 Loudon Continuous 
121590139100 835 Yes 
Montgomery 
"B" 
2 70 Noble 
Continuous,  
disintegrating 
121012760800 14231 Yes Baltzell, Oliver 33 69 Lawrence Continuous 
121013178800 15457 Yes 
Griggs, J. T. 
A/C 1 
131 65 Lawrence Continuous 
121012836200 14204 Yes 
Boyd, Isaac 
(Baltzall) 
MI-10 56 Lawrence Continuous 
121012910300 14235 Yes 
Boyd, Isaac 
(Boyd-Baltzell) 
MI-18 56 Lawrence Continuous 
121010669700  Yes King, J.R. AC1 QQ-9 56 Lawrence Continuous 
121010745800 14068 Yes 
George W. 
Cooper 
28 55 Lawrence Continuous 
121012836300 14019 Yes Boyd Isaac MI-11 55 Lawrence Continuous 
121012910400 14237 Yes 
Boyd, Isaac 
(Boyd-Baltzall) 
MI-19 54 Lawrence Continuous 
121012783100 14238 Yes Boyd, Isaac MO-1 54 Lawrence Continuous 
121012836400 14205 Yes 
Boyd, Isaac 
(Baltzall) 
MI-12 53 Lawrence Continuous 
121012773400 14067 Yes Baltzall, Oliver MI-2 53 Lawrence Continuous 
121012783200 14206 Yes Baltzell Oliver MI-2C 53 Lawrence Continuous 
121012892800 14200 Yes 
Boyd, Isaac 
(Baltzall) 
MI-16 53 Lawrence Continuous 
121012892900 14211 Yes 
Boyd, Isaac 
(Boyd-Baltzell 
Unit) 
MI-17 53 Lawrence Continuous 
120510270700 14425 Yes 
Louden S. Unit 
Wtrfld 
38 53 Loudon Reduced 25% 
121012910500 14236 Yes 
Boyd, Isaac 
(Boyd-Baltzell) 
MI-20 51 Lawrence Continuous 
120650135600 14403 Yes 
Rural Hill 
Flood 
4-S 49 Dale Continuous 
Figure B.1. Core database. 
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121010717200 
 
Yes King, P. AC3 KM-4 45 Lawrence Continuous 
121012762300 14018 Yes Baltzell, Oliver QS-25 43 Lawrence Continuous 
121012821000 14124 Yes Baltzall, Oliver PC-1 42 Lawrence Continuous 
120270214500 14347 Yes Criley, Earl C. 6 41 Centralia Continuous 
120510122300 14407 Yes Louden N. Unit 
Wtrfld 
28-W 41 Loudon Reduced 
121013190400 15455 Yes King, P. A/C 1 
& 2 
176 40 Lawrence Continuous 
121013125300 15436 Yes Griggs, J. T. 
A/C 1 
108 39 Lawrence Continuous 
121010717300 14216 Yes King, Perry A/C 
3 
KM-1 39 Lawrence Continuous 
120472418300 14023 No Judge 3-A 39 Parkersburg 
 
120270098700 14344 No Criley, E. C. 7 39 Centralia 
 
121010717500 
 
Yes King, P. AC3 KM-3 38 Lawrence Continuous 
120510121300 14406 Yes Louden N. Unit 
Wtrfld 
21-W 38 Loudon Reduced 
121010719300 
 
Yes King, P. AC3 19 37 Lawrence Continuous 
120270118800 
 
Yes Centralia Unit 
Water Flood 
30-W 35 Centralia Reduced to 4" per 
foot 
120270063800 14345 No Criley, E. C. 7-A 35 Centralia 
 
121010717400 
 
Yes King, P. AC3 KM-2 33 Lawrence 
 
121013125400 15437 Yes Griggs, J.T. 
A/C 1 
109 33 Lawrence 
 
121013191300 15456 Yes Fyfee, C. H. 27 32 Lawrence 
 
120270117300 14400 Yes Centralia Flood 
Unit 
174-W 32 Centralia Reduced 
120270084100 14335 No Hanseman, 
Wm. 
4 32 Centralia 
 
120510123000 14396 Yes Louden N. Unit 
Wtrfld 
27-W 30 Loudon Reduced 
121592606400 
 
Yes Montgomery, 
C. T. "B" 
34 30 Noble Continuous 
121852808300 14949 No Grayville, City 
of 
3 30 Grayville 
 
120472448400 14938 No Grayville, City 
of 
10 29 Grayville 
 
120270069500 14348 No Criley, E. C. 9 29 Centralia 
 
121592608300 
 
Yes Coen, John O. 120 28 Noble Continuous 
120512569900 14217 Yes Ripley, Lewis 26 28 Loudon Continuous 
121010023800 2159 No Joe Kesl Jr et al 2 28 Lawrence 
 
121010707800 14543 Yes Wm Cooper 8 26 Lawrence Continuous 
121010739900 14201 Yes Leighty, T. F. VV-6 26 Lawrence Continuous 
120270068500 14340 No Koelmel, R. 4-A 25 Centralia Continuous 
120270068400 14339 No Koelmel, R. 4 24 Centralia Continuous 
121013190200 15461 Yes Vandermark, 
L.A. 
31 20 Lawrence Continuous 
120270118100 14398 Yes Centralia Flood 
Unit 
166-W 20 Centralia Reduced 
121652585700 14900 Yes Moore 5 20 Harco Continuous 
Figure B.1. (cont.) 
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121852807500 14871 Yes Grayville, City 
of 
4 20 Grayville Continuous 
121850416600 14415 No Mt. Carmel 
Flood Unit 
2-W 20 Mt. Carmel 
 
121852807200 14810 No Grayville, City 
of 
2 20 Grayville 
 
120270215400 14349 No Criley, E. C. 19 20 Centralia 
 
121013125500 15041 Yes Griggs, J. T. 
A/C 1 
112 19 Lawrence 
 
120270215500 14350 No Criley, E. C. 20 18 Centralia 
 
120492487700 15401 Yes Schultz 5 16 Sailor Springs Continuous 
120252884900 15406 Yes Moseley 1-C 16 Clay City Continuous 
120492464200 14706 
 
Kluthe 1-A 16 Sailor Springs 
 
120270032700 14353 Yes Criley - Felton 1 15 Centralia 
 
120270084700 14342 Yes Criley, Earl C. 2 15 Centralia 
 
120492304500 13987 No Habbe, John 5 15 Sailor Springs 
 
120492304600 13983 No Habbe, John 6 15 Sailor Springs 
 
120270068600 14341 No Lippert, F. W. 1 15 Centralia 
 
120270070500 14352 No Dunbar, J. E. 1-B 15 Centralia 
 
120270098600 14343 No Criley, E. C. 5 15 Centralia 
 
120270117400 14408 Yes Centralia Flood 
Unit 
181-W 14 Centralia Reduced 
120492487800 15402 Yes Schultz 6 14 Sailor Springs Continuous 
121933298900 
 
No Lamar 7 14 Phillipstown 
Cons 
 
120270215600 14351 Yes Criley, E. C. 21 12 Centralia 
 
120250055300 2101 No Mart 1 12 Kenner W 
 
120250248300 2103 No Colclasure 3 12 Kenner W 
 
121852808900 14954 No Grayville, City 
of 
8 12 Grayville 
 
120250313900 909 No J. H. Smith 1 12 Clay City 
 
120270084800 14346 Yes Criley, Earl C. 3 10 Centralia 
 
120510135700 14427 Yes Homan B-21 1 Loudon Reduced 
121850416800 14416 No Mt. Carmel 
Water Flood 
Unit 
15 10 Mt. Carmel 
 
121013125100 15042 Yes Griggs, J. T. 
A/C 1 
106 8 Lawrence 
 
121010031700 575 No Robert Hoh 1 8 Allendale 
 
120550135700 14404 Yes West Frankfort 
Wtrfld Unit 
1-SWD 7 W. Frankfort Continuous 
121850192700 14426 No Hein, P. F. 11 2 Mt. Carmel 
 
121510010800 46 Yes 
  
>50 ft Pope Co 
 
121512030600 12218 Yes Ditterline, Milo 1 >50 ft Pope Co 
 
121512030700 12217 Yes Ditterline, Milo 2 >50 ft Pope Co 
 
120692079500 12782 Yes 
  
>50 ft Hardin Co Continuous 
120333802500 
 
Yes Legg 5 >50 ft Oak 
Ridge/Main 
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121190009800 140 Yes 
  
>50 ft Madison Co 
 
121190009600 141 Yes 
  
>50 ft Madison Co 
 
121512040700 13076 Yes 
  
>50 ft Pope Co 
 
120690027800 13277 Yes 
  
>50 ft Hardin Co 
 
120692079400 12781 Yes 
  
>50 ft Hardin Co 
 
Figure B.1. (cont.) 
 
 
